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ABSTRACT 
Daily feed intake during lactation was recorded on purebred Yorkshire (n = 1587), 
Landrace (n = 2197), and F1 Yorkshire x Landrace (n = 6932) litters from day 1 to 22 of 
lactation. Lactation feed intake (LFI) curves were predicted using a mixed model which 
included fixed effects of breed, season, parity group (PG), day of lactation, interactions of 
day with breed and PG, and a covariate for litter size after cross-fostering. Random effects 
included litter, contemporary group (herd-year-month), dam, and sire nested within breed. 
Least squares means for each day were used to define LFI curves by breed through day 22 of 
lactation. Yorkshire and Landrace LFI curves were not different (P = 0.09), though both 
differed from the LFI curve (P < 0.05) of F1 sows. Evaluation of the difference in feed intake 
between 2 consecutive days (DC) of lactation resulted in the following classifications: 3 
periods for purebreds, day 1 to 6 (PB1), day 7 to 10 (PB2), and day 11 to 18 (PB3); 2 periods 
for F1 sows, day 1 to 5 (C1) and day 6 to 18 (C2). Average rate of change in intake (ARC), 
average daily intake (ADI), and variation from predicted LFI values (VAR) metrics were 
estimated for each period in both purebred and F1 sows. The lowest ARC and ADI metrics, 
but highest VAR (P < 0.05) in each period of lactation occurred in PG 1 sows and during the 
summer. An increase in ARC and ADI metrics resulted in higher 21-day litter weaning 
weights (P < 0.05), while decreasing VAR metrics late in lactation (PB3 and C2) resulted in 
higher 21-day litter weaning weights (LW21) and shorter wean-to-first-service intervals (P < 
0.05). Heritability estimates for average daily lactation feed intake (ADFI), average rate of 
change (ARCT), and variation from predicted daily LFI values (VART) calculated over the 
entire lactation were 0.37, 0.24, and 0.16, respectively.  Heritability estimates were variable 
across periods of lactation for ARC (0.03 – 0.17), ADI (0.09 – 0.36), and VAR (0.04 – 0.18) 
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in purebred and F1 populations.  Average rate of change, ADI, and VAR metrics during each 
period of lactation were most highly correlated with the corresponding metric over the 
duration of lactation.  Genetic covariance estimates for each LFI metric with adjusted backfat 
depth (ADJBF), adjusted loin muscle area (ADJLMA), and days to 113. 4 kg (DAYS) were 
obtained with bivariate animal models. Genetic correlations between LFI metrics in first 
parity sows and performance ranged from -0.22 to 0.37 with ADJBF, -0.43 to 0.06 with 
ADJLMA, and -0.68 to 0.16 with DAYS. Deviations from predicted LFI values were 
quantified using an internally studentized residual (SR). A SR ≤ -1.71, equivalent to observed 
LFI at least 1.9 kg less than predicted, was considered a significant negative deviation from 
predicted LFI values (DEV). Zero DEV occurred in 60% of lactation records, and 34% of 
negative deviations occurred during the summer months (June, July, August) which was 
more frequent when compared to the spring (26%), fall (23%), and winter (17%) months. 
Adjusted 21-day litter weaning weight decreased as the number of DEV increased within a 
single lactation period, and wean-to-first-service interval (WTSI) increased when at least 3 
DEV occurred. An increase in DEV during early lactation did not affect LW21 or WTSI (P > 
0.05), though an increase in number of DEV after day 5 of lactation was associated with 
lower LW21 and longer WTSI. If a DEV occurred the prior day, a DEV was 8.7 and 39.5 
times more likely to occur than if a DEV had not occurred the previous day for purebred and 
F1 sows, respectively. In purebred sows, subsequent number born alive (NBA) was smaller 
when ≥ 5 DEV had occurred during the previous lactation, though NBA was relatively 
unaffected (P > 0.05) by DEV in F1 sows.  The number of DEV during the previous lactation 
did not affect (P > 0.05) subsequent number stillborn (NSB) in purebred sows, but NSB 
significantly increased when ≥ 3 DEV occurred in F1 sows. Managing sows during lactation 
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continues to be an essential component of productivity, and feeding sows with the intention 
of meeting predicted lactation feed intake levels is a valuable tool which should reduce the 
occurrence of inadequate intake and maximize reproductive performance. There is potential 
to alter the shape of the lactation feed intake curve through direct selection for average rate of 
change in intake, average daily feed intake, and variation from predicted lactation feed intake 
values during any period of lactation.  Including lactation feed intake metrics in a maternal 
selection index should permit simultaneous improvement in sow productivity, grow-finish 
performance, and lactation feed intake. 
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CHAPTER 1. 
GENERAL INTRODUCTION 
 Profitability has always been the key breeding objective in any livestock production 
system.  Producing large litters of pigs that efficiently produce lean pork has been essential to 
profitability in the swine industry.  Genetic selection for sow productivity has resulted in 
larger litters and heavier weaning weights.  However, simultaneous selection for lean gain 
and efficiency in growing pigs has resulted in animals that have smaller appetites, lower feed 
intake capacities, and fewer body fat reserves.   
 Increasing litter size has resulted in higher milk production and maintenance costs for 
lactating sows, consequently increasing energy requirements.  Feed intake and body reserves 
are the only sources of nutrients a sow can utilize for maintenance and milk production 
during lactation (Ball et al., 2008).  Unfortunately, with reduced intake capacity and appetite, 
feed intake during lactation is frequently inadequate and does not meet the nutrient 
requirements for maintenance of the sow and milk production.  When feed intake is 
inadequate, body reserves are mobilized to compensate for the lack of available nutrients and 
to maintain milk production and growth of the litter.  However, body reserve mobilization 
leads to decreased body weight, backfat depth, and luteinizing hormone level and pulse 
frequency, prompting longer wean-to-estrus intervals (Koketsu et al., 1998).  Extended wean-
to-estrus intervals, and the sow’s inability to re-breed, are the most common reasons for 
culling from the breeding herd (Stalder et al., 2004; Engblom et al., 2007).   
 Increasing daily lactation feed intake would seem to be the simplest solution to 
prevent excess mobilization of body reserves and improve sow productivity.  Average daily 
feed intake during lactation is the most common measure used to define lactation feed intake, 
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and sows that had higher average daily feed intake during lactation generally weaned heavier 
litters, mobilized fewer body reserves, and had shorter wean-to-service intervals.  Also, 
increasing average daily intake has been associated with reduced culling levels and increased 
longevity in commercial sows (Knauer et al., 2010; Anil et al., 2006).  However, simply 
increasing the level of feed intake during lactation is not easily accomplished.  Environment 
plays a significant role in the level of feed intake, and breed, parity, litter size, and 
temperature can all affect the level of intake, increasing the need for intense management of 
lactating sows.  It is also possible that there is a critical period during lactation when the 
metabolic state of the sow significantly influences performance which may require more 
intense management than other periods of lactation.  Selection may prove a sufficient method 
for improvement as several studies have revealed the potential for increasing levels of feed 
intake during lactation through direct selection, though improvement could prove to be slow 
(Lewis and Bunter, 2011a; Bunter et al., 2009a; Van Erp et al., 1998).     
 It is possible that improving management of lactating sows, and the feeding regime 
utilized during lactation, could provide improvement more quickly than selection.  Improving 
both, simultaneously, could provide the most efficient method of improving feed intake.  
Before that can be accomplished, a better understanding of the phenotypic and genetic 
correlations among lactation feed intake, reproductive performance, and grow-finish 
performance is needed. 
 
 
 
 
3 
 
 
CHAPTER 2. 
LITERATURE REVIEW 
Biological Control of Feed Intake 
 Control of feed intake and regulation of energy and protein balance are influenced by 
a large number of factors as part of an extremely complex system which involves central and 
peripheral mechanisms.  Initially, blood glucose levels (glucostatic regulation), body fatness 
(lipostatic regulation), and thermostatic regulation were thought to control feed intake 
individually, however they contribute to a multifactorial control system and must be 
considered as simultaneous control factors (Forbes, 1988).  The central nervous system is the 
primary control of feed intake and energy balance.  Peptides in the central nervous system 
have been found to directly stimulate or inhibit feed intake.  The onset of feeding may be 
affected by the presence of opioid peptides, but the presence of cholecystokinin may signal a 
feeling of satiety and terminate the desire to eat.  A peripheral receptor system is required to 
provide response signals to the central nervous system (NRC, 1987).  
These stimuli can then be categorized into either short-term or long-term regulation.  
Short-term regulation, or pre-absorptive regulation, generally involves meal eating behaviors 
such as meal size, meal length, and rate of intake which affect a specific meal.  Response 
signals from the digestive tract prior to a meal being digested or absorbed into the blood 
stream regulate negative feedback controls and affect short-term appetite and intake (Rayner 
and Gregory, 1989).  The oral cavity, stomach, and small intestine are areas of short-term 
regulation and when the stomach or small intestine reach a level of satiety, a signal is sent to 
the brain that causes an animal to feel full and stop eating or reduce the level of intake.  
Long-term regulation, or post-absorptive regulation, is what determines the average daily 
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intake over a period of time and regulates feed intake through mechanoreceptors, 
chemoreceptors, and osmoreceptors to recognize hormones, peptides, and nutrients which are 
released from the digestive tract and absorbed into the blood supply (Revell and Williams, 
1993).  Peptides which are absorbed from digestion can either stimulate or inhibit intake.  
Digested nutrients from feed intake are absorbed into the blood supply and the circulating 
nutrients in the blood, such as glucose or cholecystokinin, signal satiety to the brain to 
control feed intake.  When the nutrient levels in the circulating blood are not adequate, a 
signal is sent to the brain to resume intake and maintain a minimal level of available nutrients 
in the blood.  These factors control meal-to-meal tendencies of an animal and regulate 
average daily intake over time.  Mechanisms which regulate feed intake in the short term can 
be overridden by long-term regulation.  If an animal has an adequate supply of nutrients 
available in the blood supply for maintenance and growth, a meal is not necessary, even if 
short-term regulation indicates a need for feed intake (Stricker and McCann, 1985). 
At the population level diet composition, season, temperature, appetite, feed intake 
capacity, age, genetic predisposition for fat deposition, lean muscle deposition, and intake all 
affect the level of feed intake (Revell and Williams, 1993).  Additional factors can also affect 
the control of feed intake in lactating sows such as parity, body reserve composition, and 
litter size, which is known to drive milk production.  Milk production accounts for at least 
70% of a sow’s energy requirements and can play a significant role in the level of feed intake 
during lactation (Aherne and Williams, 1992).  These factors directly affect a pig’s nutrient 
requirements and how feed intake and metabolism are regulated.  Understanding of the 
regulation of intake, and what affects it, is a primary step in being able to manipulate feeding 
programs or the genetics of the animal to maximize performance.    
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Nutrient Requirements of the Lactating Sow 
Metabolism dictates the nutrient requirements of growing pigs and lactating sows, 
and nutrient requirements of growing pigs are well documented.  However, it is difficult to 
evaluate and quantify nutrient requirements for lactating sows since requirements change 
daily due to changes in voluntary feed intake, milk production, body weight loss, and the 
composition of that body weight loss.  Unfortunately, current dietary recommendations are 
based on research from the 1970’s and 1980’s, while many of the current nutrient 
recommendations are unverified extrapolations from research in growing pigs.  Recent 
research has shown that current recommendations for energy and amino acid requirements in 
lactating sows are significantly underestimated and are reducing potential profitability 
through reduced performance (Ball et al., 2008).  It is estimated that 70 % of total lactation 
energy requirements are needed to support lactation which increases as sow productivity 
increases (Aherne and Williams, 1992).  Consequently, an incorrect balance between energy 
and amino acid intake in sows will result in sub-optimal body composition, reduced feed 
intake, and loss of body protein and fat levels during lactation.  An incorrect balance is also 
associated with reduced sow longevity, structural issues, increased disease susceptibility, 
smaller litters born and weaned, lower piglet birth and weaning weights, and increased 
variation within each litter (Boulot et al., 2008).   
Young sows are still growing during lactation and require nutrients for growth and 
structural formation as well as development of body reserves for lactation and mammary 
gland development (Kim et al., 1999b).  Amino acids are more important to this development 
and milk production than previously thought, and levels of each amino acid are dependent on 
parity, litter size, available body reserves, and appetite that a sow expresses (Goodband et al., 
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2000).  Amino acids and other nutrients, which are critical for body and structural 
development, are also required for longevity and productivity during lactation.  However, 
sows are rarely given the chance to express their true appetites due to restricted feeding 
during 65 % of the time they are in the breeding herd, which limits the opportunities for a 
sow to accumulate the necessary nutrients to meet the requirements for maintenance and 
performance (Bunter et al., 2006).    
One simple explanation for the increase in nutrient requirements of lactating sows is 
the response to genetic selection for sow productivity, including larger litter sizes and heavier 
pigs at weaning.  Selection for litter size has resulted in higher milk production and 
maintenance costs of the lactating sow (Hermesch, 2007).  Kim et al. (1999a) reported that 
mammary gland growth is affected by litter size, and increasing litter size is directly 
correlated to increased growth in the mammary gland tissue, and additional nutrients are 
needed to support the growth.  Additional mammary gland growth, more pigs nursing, and 
higher piglet growth rates cause a significant increase in milk production, which results in 
higher nutrient requirements for the sow (Auldist et al., 1998).  Generally, sows do not 
always have the capacity or appetite for high levels of feed intake during lactation and thus, 
feed intake is frequently inadequate and falls short of nutrient requirements, resulting in 
mobilization of body reserves to maintain milk production levels in sows with higher litter 
sizes and consequently, longer wean-to-service interval (Kim et al., 2001).   
Selecting females which have bigger appetites and higher capacity for feed intake 
would help alleviate the mobilization of body reserves while still obtaining adequate 
nutrients through the diet.  Unfortunately, selection for sow productivity in maternal lines has 
occurred simultaneously with selection for feed efficiency and lean growth in their offspring.  
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Selection has resulted in leaner, heavier, and more efficient sows that have smaller appetites 
and fewer body reserves to meet increasing levels of milk production and maintenance costs 
of the lactating sow when feed intake is inadequate.  Consequently, selection for efficient 
lean growth has resulted in pigs which have reduced appetites and lower feed intake capacity 
(Kanis et al., 1990), which is directly correlated to smaller appetites and reduced levels of 
feed intake in lactating sows (Kerr and Cameron, 1996).  With higher feed costs, selection for 
residual feed intake in growing gilts has resulted in reduced feed intake during lactation and 
lighter weaning weights (Gilbert et al., 2012).  Grandinson et al. (2005) also found that sows 
selected for lean growth would have a higher rate of body mobilization due to inadequate 
levels of feed intake during lactation, which led to an increase in involuntary rate of culling.  
Lewis and Bunter (2011b) reported sows which produce more milk and wean heavier pigs 
had higher nutrient requirements, but they were unable to meet their requirements through 
feed intake alone and required mobilization of body reserves to meet nutrient requirements 
which resulted in longer wean-to-service intervals after weaning.  However, single-trait 
selection in gilts for increased growth rate resulted in sows with sufficient appetites and did 
not require mobilization of fat reserves to meet nutrient requirements and maintain milk 
production (Cameron et al., 2002).  Bergsma et al. (2008) suggested that selection for 
lactation efficiency, a balance between feed intake and body reserve mobilization which 
maximizes reproductive performance, may be an ideal trait for selection.  Selection should 
result in sows which most efficiently utilize a combination of body reserves and feed intake 
to meet nutrient requirements without reduction in performance.     
Nutrient requirements during lactation are difficult to measure, and the estimates that 
are currently utilized are out of date and have been rendered inadequate due to response to 
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selection.  Selection for increased litter size, milk production, feed efficiency, and lean 
growth has resulted in a bigger, leaner, more productive sow with reduced appetite and 
higher nutrient requirements.  Generally, sows are not able to meet the nutrient requirements 
for maintenance and growth of the litter due to lack of appetite and body reserves that are 
available.  Selection for maternal lines that can meet nutrient requirements and better 
management of feeding regimes for lactating sows may prove to be efficient methods for 
improving sow and litter performance.  Before implementing selection or management 
protocols, the corresponding effect on nutrient requirements of the sow should be considered.   
Common Measures of Feed Intake in Lactating Sows 
 Though it is difficult to evaluate nutrient requirements for lactating sows, identifying 
a method to quantify feed intake during lactation is a critical first step and a simple way to 
describe feed intake capacity and appetite of the sow. Average daily intake during lactation 
has been the most recognizable and most commonly used method to quantify feed intake in 
lactating sows (O’Grady et al., 1985; Koketsu, et al., 1996; Van Erp et al., 1998; Eissen et al., 
2003; Lewis and Bunter, 2011a), as well as dairy (Sondergaard et al., 2002) and beef cattle 
(Arthur et al., 2001). Average daily intake in sows over the entire lactation is a simple metric 
used to define lactation feed intake, however it has been suggested that there is a key period 
during lactation when the metabolic state influences subsequent reproductive performance 
(Pettigrew and Tokach, 1993).  Thus, evaluating feed intake during the entire lactation as a 
single value may not be the most accurate method to quantify lactation feed intake. 
  Koketsu et al. (1997) evaluated average daily feed intake during each individual 
week of lactation from 15671 parity records in commercial sows representing 30 farms and a 
variety of genetic populations.  Average daily feed intake values varied greatly between each 
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week of lactation and the effect on performance varied based on level of intake during each 
week.  Hermesch (2007) evaluated average daily intake in lactating sows during consecutive 
5-day periods throughout the first 20 days of lactation in parity records from Large White (n 
= 1691), Landrace (n = 388), and crossbred (n = 155) females.  The genetic correlations 
between each period of lactation were high and lactation feed intake during each period could 
be considered the same trait, thus it may not be beneficial to evaluate different periods of 
lactation.  However, Kruse et al. (2011a) evaluated feed and water intake during the first 26 
days of lactation in 105 sows, and reported 3 different periods of lactation: days 1 to 8, days 
9 to 17, and days 18 to 26 based on previous studies.  Feed intake during the last 2 periods of 
lactation had a more significant impact on performance than the first period of lactation.  
Evaluating lactation feed intake based on different periods of lactation should provide a more 
in-depth analysis of feed intake during lactation and its relationship with performance. 
   Still, average daily intake is not the only measure of lactation feed intake that has 
been evaluated.  Koketsu et al. (1996) defined feed intake patterns in lactating sows by 
categorizing LFI into one of the following 6 categories: RAPID: rapid increase in intake after 
farrowing with no drop, MAJOR: major decrease of at least 1.8 kg/d from previous peak for 
2 consecutive days of lactation, MINOR: minor decrease < 1.8 kg/d from previous peak, 
LLL: feed intake did not exceed 4.5 kg/d during entire lactation, LHH: feed intake increased 
gradually during first week of lactation, GRADUAL: feed intake gradually increased 
throughout lactation with no drop.  The effect of each category on performance was 
evaluated and sows that were categorized as MINOR or LLL had lighter weaning weight and 
longer wean-to-service interval than sows that were categorized as RAPID, LHH, or 
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GRADUAL.  Categories define the change in intake during lactation and not only are 
associated with performance, but are valuable predictors of feed intake capacity or appetite. 
 Several of the feed intake patterns were simple definitions for the shape of the 
lactation feed intake curve.  Feed intake curves have been predicted and evaluated previously 
in growing pigs (Schulze et al., 2002; Bermejo et al., 2003), and more recently in lactating 
sows.  Schinckel et al. (2010) found that the shape of the lactation feed intake curve varied 
based on parity, breed, season, and litter size.  A change in the shape of the feed intake curve 
was directly correlated to a change in reproductive performance.  Kruse et al. (2011a) also 
found that the shape of lactation feed intake curves were significantly affected by the parity 
of the sow, and older sows were able to increase intake more rapidly and to a higher level 
than gilts.  Stage of lactation also affected shape of the feed intake curves.  During the first 9 
days of lactation, feed intake increased in a linear fashion, however feed intake plateaued 
after day 9 and did not increase for the duration of lactation.  Though it had not been 
previously evaluated in lactating sows, Huisman et al. (2004) computed the variation of 
observed daily feed intake from predicted daily feed intake curves in growing pigs.  An 
increase in variation of observed intake from predicted feed intake curves not only negatively 
affected performance, but could be reduced through direct genetic selection.   
 Evaluating variation of observed lactation feed intake values from predicted daily 
lactation feed intake values could provide valuable insight into a sow’s capacity for feed 
intake.  Schinckel et al. (2010) classified a transient reduction in intake as 2 consecutive days 
of lactation during which intake was 1.6 residual standard deviations from predicted lactation 
feed intake values, similar to the MAJOR category reported by Koketsu et al. (1996).  
Transient reductions negatively affected reproductive performance and occurred at the 
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greatest rate during late lactation in the summer months.  In another study, sows which had 
average daily intake ≤ 3.5 kg/d during the first two weeks of lactation were more likely to be 
culled from the breeding herd (Anil et al., 2006).  Bergsma et al. (2009) also found that sows 
which ate more than the corresponding predicted intake value were more likely to have a 
major decrease in intake the following day, greatly increasing variation in intake during 
lactation and reducing performance. 
 Lactation efficiency (Bergsma et al., 2008) and residual feed intake in lactating sows 
(Gilbert et al., 2012) have also been evaluated as measures of lactation feed intake in 
commercial sows.  These methods may prove to be the most valuable as they estimate the 
relationships among feed intake, body reserve mobilization, and reproductive performance to 
identify the most efficient sows in the herd.  Both metrics provide potential for improvement 
through genetic selection, and could allow for simultaneous selection for sow productivity 
and efficient lean growth.  However, these metrics are very complex measures of feed intake 
and require a large amount of labor to collect feed intake data and measure body 
composition. Further evaluation is needed, but they may be the most complete measures of 
efficiency in lactating sows. 
 There are a variety of ways in which lactation feed intake can be evaluated.  Some are 
as simple as average daily intake, while others are more complex and require prediction of 
feed intake curves or evaluating the balance between feed intake and body composition 
utilization.  Determining the effect of each metric on performance will explain the 
importance of each metric and how potential use in management or selection programs can 
improve sow productivity and longevity.  Further investigation into each metric will also 
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improve understanding of the relationships between feed intake and the underlying biological 
mechanisms which affect appetite, feed intake capacity, and reproductive performance.      
Factors Affecting Feed Intake During Lactation 
 A variety of environmental and systematic factors affect appetite, feed intake 
capacity, and the value of different measures of lactation feed intake.  Numerous studies have 
been done to evaluate these systematic effects, though the majority of studies have focused 
on the relationship with average daily feed intake during lactation. 
 Feed intake is generally lowest immediately following parturition as sows recover 
from the stress of farrowing and adjust from the restricted level of feed provided during 
gestation; but intake increases rapidly as lactation progresses (Schinckel et al., 2010; Kruse et 
al., 2011a).  Koketsu et al. (1997) measured average daily intake during each week of 
lactation, and intake increased in each subsequent week as lactation progressed.  Similar 
results were reported by Hermesch (2007) for average daily intake during consecutive 5-day 
periods of lactation. Sows which were allowed to have a longer lactation period would 
consequently have a higher average daily intake during lactation due to higher intake during 
the end of lactation (Revell and Williams, 1993). 
 Daily feed intake values can be affected by the level of intake during previous days of 
lactation.  Schinckel et al. (2010) and Koketsu et al. (1996) reported significant reductions in 
feed intake when intake was inadequate for at least 2 consecutive days, which indicated that 
intake was likely affected by previous intake levels.  Bergsma et al. (2009) suggested that if 
sows ate too much during any day of lactation, a significant drop in intake would occur in 
subsequent days because the sow had already satisfied her appetite.  Feed intake during 
gestation is commonly used to replenish body reserves that were diminished during the 
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previous lactation.  However, Weldon et al. (1994) reported that a high level of feed intake 
during gestation resulted in reduced intake during lactation.  
 Body reserves also play a vital role in feed intake.  Sows that are too fat during 
lactation don’t require as much feed to meet nutrient requirements, while sows with limited 
body reserves can’t metabolize enough nutrients from their diet or body reserves to meet the 
needs of the litter.  Sows with more backfat prior to parturition ate 30 % less during lactation 
than their leaner contemporaries (Revell et al., 1998).  However, gilts selected for efficient 
lean growth had lower levels of average daily intake during lactation and were required to 
mobilize more body fat reserves than sows from a control selection line (Cameron et al., 
2002).  Bergsma et al. (2009) evaluated lactation efficiency and found that maximum 
reproductive performance can be achieved in sows that have a proper balance between feed 
intake and body reserve utilization, and the level of one highly affects the value of the other. 
 Genetic composition can also significantly affect feed intake during lactation.  
Purebred sow lines that had been selected for maternal traits had similar lactation feed intake 
curves however the maternal feed intake curves, were significantly higher than those for 
terminal line sows (Schinckel et al., 2010).  Eissen et al. (2003) reported significant variation 
in average daily intake between 3 different sow genotypes, though body composition also 
varied and may have contributed to the difference in feed intake.  Sows from maternal lines 
that had been selected based on residual feed intake, and were leaner, also had lower levels of 
lactation feed intake during lactation than control line sows (Gilbert et al., 2012).  Different 
maternal lines have different attributes that they contribute to a swine production system and 
have been subjected to different selection criteria, which could partially explain differences 
in appetite and feed intake capacity between lines. 
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 Appetite and feed intake capacity vary between parity groups.  A study which 
evaluated 296 sows from parity 1 through parity 10 reported that a sow’s body dimensions 
(length, height, depth, and width) continually increased up to parity 6 when sows reached 
their mature size, and body dimensions did not increase in parities 7 through 10 (McGlone et 
al., 2004).  Lewis and Bunter (2011b) also reported a high genetic correlation between sow 
size at parturition and lactation feed intake, which suggested sows that were genetically 
larger had genetic potential for higher levels of feed intake. The continual increase in body 
size as sows mature results in more capacity and higher levels of feed intake.  Lactation feed 
intake curves were significantly affected by parity, and more mature sows had a greater rate 
of increase in intake during early lactation and higher peak intake than younger purebred 
(Schinckel et al., 2010) and commercial sows (Kruse et al., 2011a).  In a study using parity 
records (n = 25719) from commercial sows, average daily feed intake was lowest in parity 1 
sows but increased as parity increased, and younger sows also had more instances of MAJOR 
and MINOR drops in intake levels than older sows (Koketsu et al., 1996).  Average daily 
intake increased as parity increased but reached a maximum at parity 5, and subsequently 
decreased as parity increased through parity 8 in Large White (n = 585), Landrace (n = 135), 
and crossbred (n = 55) sows (Jones and Hermesch, 2007).  As sows mature, their size 
increases and consequently capacity for feed intake also increases.  However, several studies 
have shown that as sows reach mature size, feed intake may begin to decrease which suggests 
that other factors play a significant role in the level of feed intake during lactation. 
  Litter size generally tends to increase as sows mature but decreases slightly after 
reaching mature size.  It is possible that litter size and milk production are major factors that 
affect lactation feed intake.  Kim et al. (1999a) reported that an increase in litter size resulted 
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in more functional mammary glands and greater milk production, and the increase in milk 
production resulted in higher nutrient requirements which must be met through feed intake.  
Auldist et al. (1998) also reported a dramatic increase in milk production when litter size 
increased, which would require higher levels of feed intake to maintain milk production.  As 
litter size increased from 5 to 13, average daily feed intake increased linearly (Hermesch, 
2006).  A similar trend was reported in 1985 by O’Grady et al. for the relationship between 
litter size and feed intake in commercial sows.  Genetic selection for larger litter sizes has 
resulted in higher volumes of milk production which only increases the need for higher levels 
of feed intake during lactation to meet the requirements of the sow and litter. 
 Temperature and humidity, commonly analyzed as season in which a sow lactates, 
can also affect the level of feed intake.  Generally high temperatures and high humidity 
decrease a sow’s level of activity and appetite, however extreme cold conditions can have a 
similar effect.  Bergsma and Hermesch (2012) reported that, independent of genetic line, feed 
intake illustrated a quadratic relationship and reached maximum intake at approximately 21 
°C.  Feed intake decreased significantly when temperatures were extremely cold (-6 to 9 °C) 
or hotter than 29 °C.  Lewis et al. (2010) also reported a quadratic effect between temperature 
and feed intake during lactation, though 22 °C was considered the ideal temperature to 
maximize intake.  Quniou et al. (1999) reported intake was adequate when temperatures 
remained between 17 and 23 °C, but decreased dramatically when temperature exceeded 23 
°C.  Monthly evaluations of lactation feed intake revealed levels of feed intake remained 
constant throughout the year with the exception of months when high temperatures could 
occur, corresponding to a significant drop in intake (Hermesch, 2006).  Shape of lactation 
feed intake curves, illustrated by rate of increase in intake and peak intake, were also 
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significantly reduced during the heat of the summer months (Schinckel et al., 2010; Kruse et 
al., 2011a).  Sows were generally less likely to be active during extremely high temperatures 
in order to maintain body temperature and stay comfortable.  Consequently, the number of 
meals and feed intake metric values decreased when the weather was warm.   
 Any type of stressor, including high temperatures, is likely to result in reduced intake.  
A study evaluating the effect of different types of stressors which included high temperature, 
high stocking density, and mixing of pigs, revealed that a single stressor caused a decrease in 
intake of growing pigs (Hyun et al., 1998).  They also reported feed intake decreased linearly 
with each additional stressor a pig encountered.   Health is a major stressor which can affect 
feed intake throughout lactation and the value of the collected intake data.  When health was 
included as an effect in a genetic evaluation, heritability estimates increased and were 
considered a more accurate assessment of the animal’s true genetic potential (Bunter et al., 
2009b). 
 Numerous factors impact a sow’s leves of intake during lactation.  Breed and size of 
the sow can significantly limit appetite and feed intake capacity, while stressors such as heat 
or health can limit eating behavior which causes a reduction in intake.  Litter size can 
influence feed intake, but it can also cause a sow with inadequate intake capacity to mobilize 
essential body reserves and negatively affect subsequent performance.  Composing a 
management plan which accounts for each of these factors simultaneously is very difficult to 
achieve, but is essential to maximize genetic potential of the sow.        
Genetic Variance and Heritability Estimates of Lactation Feed Intake 
 Environmental and systematic factors affect the level of feed intake during lactation, 
however a sow has an underlying genetic predisposition for appetite and feed intake capacity 
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which is the limiting variable for maximum intake.  Managing environmental stressors only 
allows producers the opportunity to maximize a sow’s genetic potential for feed intake, but 
cannot exceed that potential.  It is possible that inclusion of lactation feed intake in a 
maternal selection index could benefit producers, but the genetic parameters associated with 
lactation feed intake must be evaluated. 
Average daily feed intake has been the most commonly reported measure of feed 
intake during lactation, and most thoroughly evaluated for genetic components.  Van Erp et 
al. (1998) reported a heritability estimate of 0.19 for average daily intake in lactating sows.  
Bunter et al. (2007) reported a lower estimate of heritability for average daily feed intake 
during lactation (0.11) in purebred Large White and Landrace first parity gilts (n = 516), 
though the heritability of feed intake in the same gilts during grow-finish was much higher 
(0.33).  Bunter et al. (2009b) reported a slightly higher heritability for average daily intake 
(0.16) in the same population of animals, but included sows (n = 2500) of multiple parities.  
Bergsma et al. (2012) reported moderate heritability of 0.21 for average daily intake during 
lactation from 3369 parity records in 848 crossbred sows.  A similar study of 2200 crossbred 
sows, with Large White and Landrace origin, reported moderate heritability estimates of 0.18 
for average daily intake during lactation (Lewis and Bunter, 2011a).  Heritability estimates 
for average daily intake (0.22) in growing gilts (n = 256) were slightly higher than estimates 
in lactating sows (Huisman et al., 2004), though Schulze et al. (2002) reported a heritability 
of 0.39 for average daily feed intake in growing pigs, which was significantly higher than 
estimates in lactating sows.  Average daily feed intake in dairy cattle was highly heritable 
(0.46), which was significantly higher than estimates in lactating sows (Van Arendonk et al., 
1991).  Similar heritability estimates (0.39) were reported for average daily feed intake in 
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Angus steers (Arthur et al., 2001).  There is potential to alter average daily feed intake during 
lactation through direct selection, though the rate of change may be slower than desired. 
Feed intake measured during different periods of lactation may have higher variation 
due to environmental factors and could have reduced genetic variation for feed intake values.  
Van Elzakker and Van Arendonk (1993) reported that heritability for average daily feed 
intake for lactating cows varied greatly depending on stage of lactation (0.18 to 0.42), but 
was highest later in lactation.  Average daily feed intake in sows during weeks 1 and 2 of 
lactation had reported heritabilities of 0.17 and 0.18, respectively, and those values were 
similar to measures of average daily intake over the entire lactation (Hermesch et al., 2008).  
During the first 20 days of lactation average daily intake in subsequent 5-day periods was 
evaluated using parity records from purebred Large White (n = 1691), purebred Landrace (n 
= 391), and crossbred (n = 155) sows (Hermesch, 2007).  Heritability estimates were lowest 
for average daily intake from days 1 to 5 of lactation (0.02), but were higher during days 6 to 
10 (0.17), days 11 to 15 (0.14), and days 16 to 20 (0.12).  Similar trends were reported in 
growing pigs, and heritability estimates for average daily intake were lower after weaning 
(0.17), but increased up to 0.41 at 9 weeks post weaning (Schulze et al., 2002).  Generally, 
heritability estimates for lactation feed intake were lowest immediately following parturition 
due to the stress of farrowing, adjustment from restricted feeding during gestation, and 
varying levels of feed intake following parturition. 
The shape of feed intake curves, or the rate of increase in intake, likely affects 
performance whether evaluated during the growth phase or during lactation.  Though no 
previous studies have evaluated genetic components associated with lactation feed intake 
curves, genetic evaluation of the shape of feed intake curves in growing pigs has been 
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previously reported.  Schulze et al. (2002) reported moderate heritability estimates for slope 
of the entire feed intake curve in growing pigs (0.22), and heritability of the slope for 2-week 
intervals throughout the first 9 weeks of growth ranged from 0.18 to 0.33.  Another study 
reported lower heritability estimates for slope of the curve (0.03) when pigs were initially put 
on test, but heritability estimates for the slope of the feed intake curve increased to 0.30 as 
pigs progressed toward market (Bermejo et al., 2003b).  Huisman et al. (2004) evaluated the 
variation of daily feed intake over the entire test period of growing gilts and reported a 
moderate heritability (0.30) for the amount of variation in feed intake.  The shape of feed 
intake curves and variation of intake in growing pigs can be modified through genetic 
selection, and it is likely a trend that would continue in lactating sows.    
Several studies have evaluated the efficiency of feed intake during lactation as a 
balance between feed intake, body reserves, and corresponding performance.  Lactation 
efficiency, an estimate of the needed inputs for milk production and maintenance, was 
reported to be lowly heritable (0.12) in a study of 1857 purebred sows (Bergsma et al., 2008).  
Heritability of average daily feed intake during lactation was significantly higher in the same 
study (0.30) and showed much more potential for improvement through selection than 
lactation efficiency.  Similarly, Gilbert et al. (2012) evaluated residual feed intake in 
purebred Large White sows (n = 1071) and reported a heritability of 0.14, which was again 
lower than for average daily intake during lactation (0.20).  Lactation efficiency can be 
improved through selection, and the relationship between feed intake and body reserve 
mobilization is very important.  However, feed intake during lactation could provide faster 
improvement, though efficiency deserves more in-depth analysis before conclusions can be 
drawn. 
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Direct selection for feed intake, shape of the feed intake curve, variation in feed 
intake, or lactation efficiency should provide improvement in future generations, though 
improvement may be slow.  However, before any of these traits should be included in a 
selection index, the relationship with maternal performance and grow-finish performance 
should be evaluated.  A greater understanding of the underlying genetic components of 
lactation feed intake provides valuable information that may allow producers to better 
manage environmental factors that affect feed intake during lactation. 
Relationship between Lactation Feed Intake with Milk Production, Piglet 
Growth Rate, and Litter Weaning Weights 
Feed intake is the ideal source of nutrients a sow can utilize for maintenance and milk 
production during lactation, however if intake is inadequate body reserves are mobilized to 
meet the nutrient requirements, which can negatively affect subsequent reproductive 
performance (Ball et al., 2008).  Litter weaning weight is an adequate and most commonly 
recognized measure of sow performance and milking ability, and the level of feed intake 
during lactation significantly affects the growth rate of the litter and weight at weaning 
(Revell et al., 1998).  Pigs that are heavier at weaning generally are more valuable because 
they require less feed and have a greater growth rate during finishing (Cabrera et al., 2010).  
Many lactating sows are restriction-fed during early lactation to avoid agalactia, a loss of 
milk production, and a reduction in feed intake during late lactation (Neil et al., 1996), which 
is directly correlated to lighter litter weaning weights (Noblet and Etienne, 1989).  Quiniou et 
al. (1999) reported a significant reduction in milk production occurs as average daily feed 
intake decreases.  A disturbance in milk production would also negatively affect litter 
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weaning weights, and a drop in feed intake can significantly reduce milk production which 
consequently restricts preweaning growth rate. 
In a previous study (Koketsu and Dial, 1997), feed intake was collected during 
lactation in commercial sows (n = 25040) and was categorized into groups based on average 
daily feed intake values over the entire lactation (≤ 3 kg/d, 3 to 4 kg/d, 4 to 5 kg/d, 5 to 6 
kg/d, and ≥ 6 kg/d).  Litter weaning weight increased significantly with each incremental 
increase in average daily intake, and litters were over 5 kg heavier when intake was ≥ 6 kg/d 
compared to ≤ 3 kg/d.  Another study reported an increase of 3 kg in litter weaning weight 
when average daily feed intake increased from 4 kg/d to 7 kg/d (Koketsu et al., 1996).  
Similarly, an increase in levels of metabolizable energy intake during lactation in purebred 
Yorkshire (n = 358) and Landrace (n = 405) sows resulted in a linear increase in 21-day litter 
weaning weight (Schinckel et al., 2010), while an increase in average daily feed intake, 
independent of sow genotype, was associated with an increase in preweaning average daily 
gain (Eissen et al., 2003).  Head and Williams (1991) reported that fatter sows did not eat as 
much during lactation as lean sows, which resulted in lower levels of milk production and 
lighter weaning weights in the offspring from fatter sows.  Increases in litter growth are 
directly correlated to milk production which is why litter weaning weight is a valuable 
indicator of milk production and why feed intake during lactation is crucial to performance.   
Levels of average daily feed intake vary during different periods of lactation, and the 
effect on litter weaning weight differs depending on levels of intake during each period of 
lactation.  In a study of commercial sows (n = 15671), average daily feed intake was 
evaluated during each week of lactation and though the level of average daily feed intake 
during each week of lactation affected litter weaning weight, an increase in feed intake 
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during the second and third weeks of lactation had a greater impact than an increase during 
the first week of lactation (Koketsu et al., 1997).  The shape of the lactation feed intake curve 
can also affect litter weaning weight.  Shape of the lactation feed intake curve in commercial 
sows was evaluated and categorized into 3 periods (days 1 to 8, days 9 to 17, and days 18 to 
26) by Kruse et al. (2011a).  Increasing feed intake during mid and late lactation periods by 
increasing the slope of the curve enhanced litter weaning weight, though feed intake and the 
slope of the curve during days 1 to 8 of lactation did not affect litter weaning weight. 
Litter weaning weight has been commonly included in maternal selection indices with 
the intention of selecting sows that can produce more milk and consequently, heavier pigs at 
weaning.  The relationship between feed intake and litter weaning weight, growth, and milk 
production were not just phenotypic, but were also comprised of a genetic component.  In the 
dairy industry milk production is highly correlated with a cow’s genetic predisposition for 
high daily feed intake (Sondergaard et al., 2002).  Bunter et al. (2009a) reported a genetic 
correlation of 0.10 between average daily feed intake in the sow and litter growth rate during 
the first 10 days of lactation, and suggested that the correlation would be higher if growth 
was measured over the entire lactation.  Similarly, a low genetic correlation (0.06) was 
reported between average daily feed intake during lactation and litter growth rate during the 
first 10 days of lactation in commercial (n = 2250) sows (Lewis and Bunter, 2011b).  
However, the genetic correlation between average daily intake and litter weaning weight 
measured at the end of lactation was significantly higher (0.48), and indicated that selection 
for heavier litters would result in sows with larger intake capacity (Bergsma et al., 2008).  In 
the same study, measures of lactation efficiency, a balance of lactation feed intake, body 
composition, and litter growth rate were moderately correlated with litter weight gain (0.23) 
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during lactation, and showed potential for simultaneous improvement in feed intake and litter 
weaning weight through selection. 
The level of feed intake during lactation significantly affects litter weaning weight 
and can be an indicator of milk production and sow productivity.  Management protocols or 
genetic selection are feasible methods for improving feed intake and should enhance litter 
growth rate.  It is likely that feed intake has been an indirect beneficiary of selection for sow 
productivity, but the increase in intake could just be a function of the increased nutrient 
requirements or increased body size of the sow.  Increasing feed intake through genetic 
selection or management should result in improved sow productivity, though this needs to be 
investigated further. 
Relationship between Lactation Feed Intake with Wean-to-Service Interval, 
Body Composition, and Reproductive Hormones 
Feed intake and body reserves are the only available sources of nutrients a sow can 
utilize for maintenance and milk production during lactation (Ball et al., 2008), and lactation 
feed intake is frequently inadequate, requiring body reserves to be mobilized to maintain 
milk production (Noblet et al., 1990).  An increase in selection intensity for highly 
productive sows has resulted in larger, heavier litters requiring higher milk production levels 
from lactating sows, consequently increasing energy requirements.  However, with rising 
feed costs and the need for improved efficiency throughout production, concurrent selection 
for efficient lean growth in maternal lines has resulted in leaner and more efficient gilts.  
Unfortunately, selection for efficient lean growth has been associated with reduced appetites 
and lower feed intake capacity (Kanis et al., 1990) and is directly correlated to lower levels 
of feed intake in lactating sows (Kerr and Cameron, 1996).  The reduction in intake capacity 
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and feed intake levels negatively affect a sow’s ability to meet the growing requirement 
needs for maintenance and litter growth, thus increasing body reserve mobilization which 
significantly affects wean-to-service interval and subsequent performance.  Longer wean-to-
service intervals have been associated with a higher probability of reproductive failure and 
increased likelihood of being culled from the breeding herd (Anil et al., 2006; Knauer et al., 
2010; Engblom et al., 2007). 
Several studies have shown a favorable relationship between high levels of lactation 
feed intake and wean-to-service intervals, and wean-to-service interval tends to be longer 
when feed intake is inadequate.  A study of 191 crossbred sows indicated sows that were fed 
a low metabolizable energy diet during a 28-day lactation were less likely to express estrus 
during the first 7 days post-weaning than sows fed a high metabolizable energy diet (Reese et 
al., 1982).  Also, wean-to-service interval was longest (10.1 days) when average daily intake 
was ≤ 3 kg/day, but became linearly shorter with each incremental increase in average daily 
intake (Koketsu and Dial, 1997).  The relationship between average daily intake and wean-
to-service interval persisted across periods of lactation, and an increase in intake during each 
of the first three weeks of lactation was associated with shorter wean-to-estrus intervals 
(Koketsu et al., 1997).  Pattern of intake during lactation can also affect wean-to-service 
interval and six categories of feed intake during lactation previously described by Koketsu et 
al. (1996) were associated with variation in wean-to-service interval.  Sows which had low 
intake during the entire lactation had the longest wean-to-service intervals, and were on 
average, 3.5 days longer than sows with a rapid rate of increase in intake.  The extended 
wean-to-service intervals were not solely caused by lower levels of feed intake, but also the 
mobilization of body reserves to compensate for inadequate intake.  Eissen et al. (2003) 
25 
 
 
reported longer wean-to-service intervals and a decrease in sow body weight and backfat 
depth occurred when feed intake was not at an adequate level. 
The relationship between lactation feed intake levels and body reserve mobilization 
has been described frequently in recent literature.  Kim et al. (2001) reported that increasing 
litter size resulted in higher nutrient requirements which the sow could not meet through feed 
intake, consequently mobilizing body reserves to meet those requirements.  Another study 
evaluated the difference in body reserve mobilization in sows fed a restricted diet (2.5 kg/d) 
and sows fed a normal lactation diet of 5.5 kg/d (Prunier et al., 1993).  Sows that were fed the 
restricted diet lost 21 kg of body weight and 3.7 mm of backfat depth more than sows fed the 
normal diet during a 28-day lactation.  Similarly, Quiniou and Noblet (1999) reported feed 
intake during a 21-day lactation in sows subjected to heat stress decreased from 5.67 kg/d to 
3.08 kg/d when temperatures increased from ideal (18 °C) to extreme heat conditions (29 
°C).  Sows in the extreme heat treatment also lost 12 kg more body weight and twice as much 
backfat depth as sows exposed to ideal temperatures during lactation.  Sows that were leaner 
prior to farrowing had higher levels of intake during lactation, lost 33 fewer pounds of body 
weight, had 2.9 mm less backfat, and had 600 g/d lower protein loss than sows that were 
fatter at parturition and had restricted intake levels (Revell et al., 1998).  Unfortunately, as a 
result of inadequate levels of intake, body reserves are utilized to meet nutrient requirements 
and as the amount of backfat and body weight loss increased during lactation, wean-to-
service interval increased accordingly (Tantasupark et al., 2001).  
It has previously been stated that selection for lean growth has resulted in sows with 
limited feed intake capacity and appetite.  Genetic selection for efficient lean growth has also 
resulted in leaner gilts and sows which have fewer body reserves available for mobilization 
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when feed intake is inadequate (Cameron et al., 2002).  There is an underlying genetic link 
between a sow’s capacity for high levels of intake, grow-finish performance, and the ability 
to maintain body reserves during lactation.  Bunter et al. (2007) reported positive, but 
unfavorable correlations between feed conversion ratio (0.79) and backfat depth (0.36) at 
market weight with lactation feed intake.  A study of feed intake during lactation in 2200 
Large White and Landrace sows with performance data revealed a moderate and favorable 
correlation (0.42) between average daily gain and lactation feed intake (Lewis and Bunter, 
2011a).  However, Hermesch (2004) reported that direct selection for feed conversion 
indirectly reduced intake capacity in the long term and reduced sow feed intake and 
longevity. 
Generally, sows that do not have the genetic capacity for high levels of feed intake 
are genetically more susceptible to mobilization of body reserves.  In a population of gilts 
selected for residual feed intake, genetic correlations between average daily lactation feed 
intake and change in body weight (0.38) and change in backfat depth (0.16) during lactation 
were unfavorable (Gilbert et al., 2012).  Lewis and Bunter (2011b) reported unfavorable 
genetic correlations between change in body weight (0.43) and change in backfat depth 
(0.87) during lactation with average daily lactation feed intake values.  Similarly, a study of 
2500 purebred maternal line gilts indicated that sows which had the capacity for higher levels 
of intake during lactation mobilized fewer body reserves and had higher body weights and 
backfat depths remaining at weaning (Bunter et al., 2009).  Lactation efficiency may prove to 
be the most adequate measure of sow productivity, and sows that were selected for lactation 
efficiency generally had lower feed intake levels but lower levels of body weight and backfat 
losses during lactation than control sows (Bergsma et al., 2009). 
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The mobilization of body reserves has been shown to affect a sow’s ability to return 
to estrus and rebreed, as well as subsequent litter performance.  Length of the wean-to-
service interval is predicated on hormone levels and hormone secretion patterns which can be 
affected by a reduction in feed intake and mobilization of body reserves during lactation.  
Inadequate average daily feed intake during lactation has led to decreased body weight, 
backfat depth, and luteinizing hormone level and pulse frequency, which resulted in longer 
wean-to-estrus intervals in crossbred sows (Koketsu et al., 1998).  Wean-to-service interval 
was longer (8.9 days vs 6.0 days), more body weight (26.6 kg vs. 13.8 kg) and backfat depth 
(6.5 mm vs. 3.6 mm) were lost, and plasma luteinizing hormone levels were significantly 
lower when feed intake was inadequate during lactation compared to sows with an adequate 
level of intake (Kirkwood et al., 1990).  The rate of anestrus also increased from 8% to 21%.  
A similar study of 78 second parity sows reported 24 kg body weight loss, 3.1 mm backfat 
depth loss, and a 15% increase in anestrus occurrences when feed intake was inadequate 
(Kirkwood et al., 1987a).  Baidoo et al. (1992a) reported that plasma gonadotropin 
concentrations and plasma luteinizing hormone surge concentration levels were lower in 
restriction-fed sows than ad libitum fed sows during lactation which was associated with an 
average wean-to-service interval that was 1.5 days longer.  In a comparison of 6 littermate 
gilts fed a high or low protein diet, hormone levels were significantly altered when protein 
intake was low.  Sows which received a low protein diet mobilized more body protein 
sources, had lower luteinizing hormone levels (0.44 vs. 0.85 ng/ml), and had longer pulse 
intervals (712 vs. 128 minutes) than sows that were fed a high protein diet (King and Martin, 
1989).  A study which compared hormone levels in ad libitum-fed crossbred sows and sows 
fed 50 percent of that level showed a significant reduction in luteinizing hormone 
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concentration, pulse frequency, and IGF-I concentration levels (Quesnel et al., 1998). Baidoo 
et al. (1992b) reported that levels of growth hormone, luteinizing hormone, follicle 
stimulating hormone, cortisol, prolactin, and glucagon all decreased when body reserves 
were mobilized to compensate for inadequate intake.   
Various studies have been done to quantify the effective range during which 
inadequate levels of feed intake during lactation can affect performance.  As feed intake 
levels decrease, mobilization of body reserves is required to meet increasing nutrient 
requirements for milk production and maintenance.  This trend was demonstrated across 
studies and populations of animals.  It is also evident that there is an underlying genetic 
component that facilitates this relationship, and it is likely difficult to circumvent the effects 
of inadequate intake on body reserve mobilization, hormone levels, and wean-to-service 
interval.  Unfortunately, the effect of inadequate intake and mobilization of body reserves is 
not fully understood, and though we know it is far reaching, we cannot be fully aware of its 
true effect.  Hormone levels are significantly impacted and not only affect wean-to-service 
interval, but can also affect a sow’s ability to settle and produce a quality litter of pigs during 
the next parity.  Inadequate levels of intake during lactation can affect performance during 
the current lactation, a sow’s ability to rebreed and remain in the herd, and the performance 
of future litters, which only further emphasizes the importance of having management 
protocols in place to maximize intake and performance.     
Relationship between Lactation Feed Intake and Subsequent Litter Performance 
 The effects of inadequate intake and mobilization of body reserves are generally felt 
during that specific lactation and shortly after in reduced litter weaning weights and longer 
wean-to-service intervals.  However, performance of the sow during subsequent litters is also 
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affected and hormone levels that were associated with longer wean-to-service intervals also 
affect subsequent litter size.  Sow longevity is not only affected by structure and the sow’s 
ability to return to estrus quickly and conceive a litter, but also by performance.  Long-term 
reproductive performance may be reduced by inadequate levels of feed intake during 
lactation, reducing productivity, longevity, and profitability. 
 A study in which Yorkshire x Landrace sows (n = 101) were fed a high energy or low 
energy diet during lactation indicated that though levels of intake were similar, the energy 
value of the diet affected subsequent litter performance.  Litter size and number born alive 
were 0.8 pigs smaller in sows fed the low energy diet than sows fed the high energy diet, and 
they also weaned 0.4 fewer pigs per litter (Kirkwood et al., 1988).  Koketsu and Dial (1997) 
reported subsequent litter size increased from 10.85 pigs per litter to 11.17 pigs per litter 
when feed intake increased from 3 kg/day to 6 kg/day.  Eissen et al. (2003) reported that 
significant losses in body weight during lactation were associated with longer wean-to-
service interval and smaller litter sizes during subsequent lactations.  In a study of 1677 
crossbred sows, litter size in the subsequent lactation decreased from 12.23 pigs per litter 
when < 5% of body weight was lost to 8.62 pigs per litter when > 20% of body weight was 
lost during lactation, and farrowing rate decreased from 79.1 percent to 58.3 percent (Thaker 
and Bilkei, 2005).  Litter size in the second parity was significantly affected by the amount of 
body weight lost during parity 1, and by the sow’s ability to regain that weight and continue 
developing during gestation.  Litter size was 0.9 pigs per litter lower when sows lost weight 
and were unable to regain it during gestation than sows that were able to regain lost weight 
(Hoving et al., 2010).  Similarly, wean-to-service interval increased as body weight 
mobilization increased and litter size decreased by 0.5 pigs per litter when wean-to-service 
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interval increased from 1 to 5 days to 6 to 7 days in length (Tantasuparuk et al., 2000).  In 
addition, farrowing rate decreased from 80 percent to 55 percent as wean-to service interval 
increased incrementally up to 10 days in length.  
 Ovulation rate has been speculated to be the underlying cause of the reduction in 
subsequent performance.  However, several studies have reported that ovulation rate was not 
affected by inadequate feed intake during lactation or body reserve mobilization 
(Tantasuparuk et al., 2001; Kirkwood et al., 1987a).  The reduction in ovulation rate was a 
response to reduced luteinizing hormone concentrations and pulse frequency, which resulted 
in smaller follicles and reduced viability of those follicles (van den Brand et al., 2000).  
Hormone levels which are vital to reproduction are significantly affected by the level of feed 
intake during lactation.  Levels of growth hormone, prolactin, luteinizing hormone, and 
follicle stimulating hormones were all negatively affected when feed intake was inadequate 
in commercial sows (n = 39) during lactation (Baidoo et al., 1992b).  Similarly, luteinizing 
hormone concentration and pulse frequency are reduced when feed intake is inadequate and 
significant body weight loss occurs during lactation (Tantasuparuk et al., 2001). Baidoo et al. 
(1992a) also reported that a reduction in the level of luteinizing hormone was associated with 
a 21% reduction in embryo survival.  A study of 123 Yorkshire x Landrace sows indicated 
sows fed a lower level of feed during lactation had fewer embryos which were available to be 
fertilized and a lower percentage of those fertilized embryos survived, which resulted in a 
significantly lower subsequent litter size (Kirkwood et al., 1990).  Similarly, Kirkwood et al. 
(1987b) reported that the frequency of anestrus in sows increased as lactation feed intake 
decreased (81.7 percent vs. 69.7 percent) in weaned sows.  More importantly, sows with 
inadequate intake that were able to conceive a litter had a reduction in embryo survival from 
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82 percent to 54 percent compared to sows that had adequate levels of feed intake during 
lactation.  Ovarian development during lactation is highly associated with level of feed intake 
and amount of body reserves that are mobilized to meet the nutrient requirements of the sow 
and litter.  In a study of 77 Genex gilts fed high or low protein diets, gilts which were fed the 
low protein diet lost significantly more body weight and backfat during lactation (Clowes et 
al., 2003).  The reduction in body reserves at weaning was associated with stunted ovarian 
development which affected the sow’s ability to rebreed and conceive a litter for the 
subsequent lactation.  Similarly, 24 crossbred sows were subjected to either ad libitum diet or 
50 percent of the ad libitum diet, and sows that were fed at a 50 percent ad libitum rate had 
smaller and lighter follicles, and the health of those follicles was significantly reduced 
(Quesnel et al., 1998).   
It is fairly intuitive that levels of feed intake and body reserve mobilization are 
cyclically linked, and that the levels of each affect litter weaning weight and wean-to-first-
service interval of the sow.  These are key traits used to describe the productivity of a sow.  
However, the understanding of the effect of feed intake and body reserve mobilization on 
subsequent litter performance and sow longevity have only been investigated in recent years, 
and the level of feed intake during lactation does affect litter size and number born alive in 
the subsequent lactation.  Numerous studies have shown that the concentration of hormones 
which affect reproductive performance were affected by feed intake levels, though several 
studies showed that post-weaning ovulation rate was not affected by lactation feed intake 
levels or change in reproductive hormones.  However, hormone levels and ovulation rate 
only tell a small part of the story.  Ovarian development, fertilization of embryos, and 
survival of those embryos were significantly reduced when feed intake was inadequate and 
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body reserve mobilization increased.  Better management of feed intake during lactation will 
not only improve performance of that litter but simultaneously improve subsequent litter 
performance and longevity.   
Effect of Feed Intake Levels on Subsequent Feed Intake Levels 
 The level of feed intake during lactation significantly affects milk production and 
body reserve mobilization, directly affecting litter weaning weight and wean-to-first-service 
interval.  Understanding of the biology of the pig suggests that prior feed intake levels during 
the grow-finish phase and feed intake during gestation will likely affect the level of feed 
intake during lactation.  Similarly, it is possible that feed intake during a single day of 
lactation may affect feed intake during subsequent days or periods of that lactation and could 
affect feed intake during subsequent gestation and lactation periods.  However, there are 
many environmental factors that can alter the feed intake pattern of a pig which could limit 
repeatability and reduce the effect of feed intake during any phase of production on feed 
intake in subsequent phases. 
 A genetic evaluation of average daily intake and slope of feed intake curves in 
growing boars (n = 5601) was conducted to estimate the genetic (co)variances associated 
with feed intake metrics (Schulze et al., 2002).  Feed intake and slope metrics were estimated 
for 2-week periods and genetic correlations between periods of average daily intake ranged 
from 0.02 to 0.73.  The correlations were highest between consecutive periods and were 
lowest between periods separated by multiple periods of the growth phase.  Similar 
correlations were seen between measures of slope of the feed intake curve throughout the 
testing period.  The correlations between consecutive periods of lactation were higher and 
suggest that levels of feed intake may be genetically tied with previous levels of feed intake, 
33 
 
 
but as periods of time become further apart, feed intake levels were less likely to be 
genetically related (Schulze et al., 2002).  Similarly, a study of feed intake in 257 growing 
gilts during the first 95 days post weaning reported that genetic correlations between feed 
intake levels during day 5, day 50, and day 95 were low (0.03 to 0.26), not repeatable, and 
should not be considered the same trait genetically (Huisman et al., 2004).  Measures of feed 
intake become less correlated as time progresses and can’t be considered the same trait in 
growing pigs.  However, it is possible that a number of measures of intake in growing pigs 
may be related to feed intake in sows. 
 Genetic evaluation of growing maternal line gilts for feed intake measures during 
performance testing (n = 1387) and feed intake during lactation (n = 516) were done to 
estimate the genetic correlations between feed intake during different stages of production 
(Bunter et al., 2007).  As expected, selection for a reduced feed conversion ratio was 
associated with a reduction in feed intake in the growing pig.  However, feed conversion 
ratio was negatively, but favorably correlated with average daily lactation feed intake (-0.08), 
and fortunately, the correlation between average daily intake in growing pigs and lactating 
sows was negative (-0.26).  The genetic correlations suggest that selection for improved feed 
conversion in growing pigs and reduced feed intake during the grow-finish phase should not 
affect a sow’s appetite during lactation.  In another study, gilts selected for lean growth and 
feed efficiency during finishing resulted in reduced feed intake in first parity gilts (n = 223) 
during lactation which resulted in an increase in body reserve mobilization and reduced milk 
production levels (Cameron et al., 2002).  The genetic correlation between average daily 
intake during finishing and average daily intake during lactation was 0.26 in first parity gilts 
(n = 2027), indicating gilts which ate more as they grew were also genetically inclined to eat 
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more during lactation (Lewis and Bunter, 2011a).  In a Yorkshire line selected for residual 
feed intake for 6 generations, feed intake was measured during lactation during the first 
parity (Young, 2011).  Gilts selected for residual feed intake had larger litters at farrowing 
than the control line but the number of pigs weaned was equal.  Selected gilts also ate less 
than gilts in the control line during lactation and mobilized more body reserves which 
negatively affected subsequent litter performance.  Similarly, Gilbert et al. (2012) reported 
that gilts selected for low FFI ate 0.28 kg/d less than high RFI gilts during lactation, but were 
more efficient.  Feed intake can be genetically related between different phases of a pig’s 
life, however those correlations tend to be low and may not impact performance.  Further 
research needs to be done within each population prior to including feed intake in a selection 
program for a better understanding of the consequences to reproductive and grow-finish 
performance. 
 Feed intake levels during gestation are more likely to affect the level of intake during 
lactation than levels during growth due to the timing of intake.  Gestating sows more closely 
resemble the lactating sow in size and nutrient requirements for growth and maintenance than 
the growing pig.  However, gestating sows are generally fed a restricted diet which impedes 
the sow’s true capacity for intake during gestation and could potentially affect a sow’s feed 
intake capacity during lactation.  Due to the methodical feeding of gestating sows, the level 
of intake was fairly repeatable (0.56), though this value does not represent a sow’s true 
appetite during gestation (Kruse et al., 2011b).  Neil et al. (1996) reported that sows which 
were restricted, beyond the normal level of restriction, during gestation but fed ad-libitum 
during lactation had a difficult time recovering from the low levels of intake during gestation.  
Sows fed the restricted diet during gestation slowly increased their feed intake during 
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lactation while sows fed a normal gestation diet had a greater rate of increase in intake during 
lactation which allowed them to reach peak intake quicker and increase total intake levels 
during lactation.  However, too much feed intake during gestation generally caused sows to 
become too fat and overweight.  Another study indicated sows that were fed low levels (1.8 
kg/day) of feed during gestation ate more feed during each week of lactation and over the 
entire lactation (0.59 kg/day) than sows that were fed a high level (2.7 kg/day) of feed during 
gestation.  Sows that ate more during lactation had heavier litters at weaning and had a 
shorter wean-to-service interval than sows with high feed intake levels during gestation 
(Dourmad, 1991).  In a similar study by Weldon et al. (1994), sows that were fed ad-libitum 
during gestation had a negative response in appetite and intake during lactation.  Eighteen 
crossbred sows were assigned to either ad-libitum or standard gestation diets.  Sows that 
were fed the ad-libitum diet ate more and gained more weight during gestation, but ate 20 kg 
less during the first week of lactation, 19.6 kg less during the second week, 16.7 kg less 
during week 3 of lactation, 11.2 kg less during week 4, and 68.1 kg less over the entire 
lactation when compared to sows fed the standard diet during gestation.  Allowing sows to 
eat ad-libitum during gestation resulted in sows which consumed 45% less feed during 
lactation and had significant reductions in performance and body reserves at weaning.  As 
expected, feed intake during gestation was relatively repeatable as sows grew accustomed to 
a certain allotment of feed each day.  Optimizing this level is not only important for reducing 
feed costs but optimizing performance as well.  Feeding too much or too little of a gestation 
diet can negatively impact the level of intake during lactation and reduce performance. 
 The level of intake during each phase of lactation can affect future levels of intake, 
and feed intake in early lactation can be the best indicator of feed intake levels during late 
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periods of lactation and has been shown to be relatively repeatable.  Daily energy intake was 
reported as moderately repeatable (0.51) in dairy cattle (Sondergaard et al., 2002).  In 
lactating sows, repeatability ranged from 0.06 between 3 consecutive 8-day periods of 
lactation (Kruse et al., 2011a), to 0.32 in 4 consecutive 5-day periods of lactation (Hermesch 
et al., 2008), and up to 0.69 for daily feed intake values during lactation (Bergsma et al., 
2012).  A study of lactation feed intake in crossbred sows (n = 15671) reported that 
phenotypic correlations between average daily intake during each week of lactation were 
relatively high, and correlations were strongest between consecutive weeks (Koketsu et al., 
1997).  Correlations between average daily intake during weeks 1 and 2, 2 and 3, and 1 and 3 
of lactation were 0.57, 0.59, and 0.35, respectively.  Similarly, a study of the slope of 
lactation feed intake curves in 3102 crossbred sows during a 26-day lactation length reported 
phenotypic correlations between the slope of the curve during consecutive 8-day periods of 
lactation.  Kruse et al. (2011a) reported the correlation between the slope of the curves for 
stages 1 and 2 of lactation was 0.37, between stages 1 and 3 was 0.22, and between stages 2 
and 3 was 0.75 (Kruse et al., 2011a).  Evaluation of daily feed intake in purebred Yorkshire 
(n = 358) and Landrace (n = 405) sows indicated that a higher rate of increase in intake from 
day 1 to 4 tended to result in a lower rate of increase in intake during days 5 to 10 of lactation 
(Schinckel et al., 2010).  A study by Hermesch (2007) indicated that genetic correlations 
between average daily intake during consecutive 5-day periods of lactation were high and 
favorable and average intake during those periods could be considered the same trait 
genetically.   
However, not all correlations for feed intake levels during different periods of 
lactation were significant, and several studies reported intake during early lactation had no 
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effect on intake during late lactation.  Aherne (2001) reported feed intake during the last 3 
weeks of lactation was not affected by intake during the first week of lactation.  Similarly, 
Moser et al. (1987) reported sows fed a restricted diet during the first week of lactation were 
able to re-establish similar levels of feed intake during late lactation when compared to sows 
fed ad libitum diets throughout lactation.  Unfortunately, some studies have suggested that 
intake levels during early periods of lactation may have a negative effect on intake during 
subsequent periods of lactation.  Bergsma et al. (2009) suggested that overeating would result 
in a major drop in feed intake during subsequent days of lactation because the sow had 
satisfied her need for intake earlier in lactation.  
 Results from studies which evaluated the long-term relationship between measures of 
feed intake varied.  Feed intake in the growing pig was not likely to be repeatable, though it 
was still expected that the levels of feed intake were affected by the same genes.  Several 
studies reported a significant relationship between feed intake in the growing gilt and 
capacity for feed intake during gestation and lactation, though some studies reported no 
relationship at all.  Generally, gestation feed intake affected feed intake during lactation, but 
there was an optimal level of intake during gestation needed to maximize intake during 
lactation.  Similarly, the level of intake during early lactation could positively or negatively 
affect the level of intake during later periods of lactation.  Monitoring levels of feed intake 
during each phase of growth, gestation, and lactation is important to optimize intake and 
maximize performance.   
Methods for Genetic Evaluation of Lactation Feed Intake Metrics 
 Variance and covariance estimates (heritability and genetic correlations) are arguably 
the most valuable information when determining which traits to use in a selection program. 
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Understanding the amount of variation which has the potential to be inherited by progeny, 
and the genetic relationship between multiple traits and how selection for a single trait will 
affect the performance of other traits is essential for the best derivation of selection indices.  
Multiple methods and computer programs have been developed to estimate genetic 
covariance associated with a variety of traits which measure performance in the biosciences, 
including pig production. 
Restricted maximum likelihood (REML) has been a commonly used method to 
estimate genetic covariance in livestock for a significant period of time.  When data sets are 
large and the amount of pedigree data allows for the construction of in-depth relationships, 
the maximum likelihood method is the most reasonable option (Falconer and Mackay, 1996). 
Restricted maximum likelihood is an accountable method to use as it accounts for some 
biases of other methods, by adjusting observations for estimates of the fixed effects.  
Multiple trait derivative-free maximum likelihood (MTDFREML) is a derivation of the 
REML method which is utilized to estimate variance components through derivative-free 
algorithms. Although the name of the method includes the words multiple trait, it also 
performs single trait analysis and MTDFREML is commonly used to estimate the heritability 
and correlations of traits in which all animals in the pedigree do not have performance 
records (Boldman et al., 1995). 
However, other methods have been used to evaluate the genetic components 
associated with feed intake in growing pigs.  Huisman et al. (2004) used a random regression 
model with a spline function to estimate genetic (co)variance components for average daily 
intake and variation of daily feed intake in growing pigs.  Other REML methods have been 
used to estimate the genetic (co)variance structure between feed intake in growing pigs.  
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Schulze et al. (2002) estimated variance and covariance components with a multivariate 
REML analysis (MTDFS) which uses canonical transformation and can estimate 
(co)variance components for up to 20 different traits simultaneously.  A more commonly 
used method to evaluate genetic (co)variance components associated with feed intake traits is 
average information restricted maximum likelihood (AIREML) which uses the average 
information algorithm.  Bermejo et al. (2003) estimated variance and covariance components 
for average daily feed intake in growing pigs using AIREML.     
When evaluating a large amount of data, AIREML is useful. AIREML uses a matrix 
with the average information and uses restricted maximum likelihood to calculate 
heritability, correlations, variance and covariance components (Ashida and Iwaisaki, 1998). 
AIREML also allows categorical traits to be analyzed along with linear traits.  Holm et al. 
(2004) estimated genetic variance and covariance components using the AIREML procedure 
in the DMU program.  Body condition scores in dairy cattle are commonly analyzed along 
with other dairy production traits to determine heritabilities and correlations with the 
AIREML procedure (Dechow et al., 2001).  AIREML has also been used to estimate the 
genetic variance associated with average daily feed intake in dairy cattle (Sondergaard et al., 
2002). 
Average information spatial restricted maximum likelihood (ASREML) has also been 
commonly used to estimate genetic (co)variance components associated with lactation feed 
intake.  ASREML is unique in that it uses the average information algorithm for the fitting of 
linear mixed models and is optimized for working with genetic data sets, and hence performs 
considerably faster than other generic data analysis software.  The animal breeding and 
genetics group from the University of New England has utilized ASREML to estimate the 
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genetic variances of lactation feed intake.  They have also utilized ASREML to estimate the 
genetic covariance between lactation feed intake and feed intake measures in growing gilts 
(Bunter et al., 2007) between lactation feed intake, and body composition, litter size, and 
litter weaning weight (Bunter et al., 2009), and between lactation feed intake measures 
recorded during consecutive 5-day periods of lactation (Hermesch, 2007).  Lewis and Bunter 
(2011a) utilized ASREML to estimate the genetic variance of average daily feed intake 
during lactation and the genetic covariances between average daily feed intake during 
lactation and weight, backfat depth, muscle depth, feed conversion traits prior to selection, as 
well as body weight and fatness prior to farrowing.  ASREML was also used to estimate the 
genetic variance of lactation efficiency and the genetic covariance between efficiency and 
average daily feed intake, body weight and backfat thickness loss during lactation in 
crossbred sows (Bergsma et al., 2008). 
More recently Bayesian inference, via Gibbs sampling, has been utilized for 
estimation of genetic variance and covariance components.  The program GIBBSF90 utilizes 
Gibbs sampling to calculate variance components of continuous traits. Genetic variance and 
covariance estimates from Gibbs sampling are highly correlated (.99) with the values 
calculated by MTDFREML (Van Tassell and Van Vleck, 1996).  Gibbs sampling via the 
GIBBSF90 or GIBBS2F90 programs which were developed by Misztal (1999) utilizes 
Markov Chain Monte Carlo methods to iteratively sample from the marginal posterior 
distribution of each parameter included in the model.  A burn-in period is established and 
those iterations are excluded from the posterior distribution Gibbs sampling creates.  Only a 
portion of the remaining iterations are stored and utilized to calculate the genetic 
(co)variance estimate.  The means of the remaining variance component values in the 
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posterior distribution are used as the genetic variance or covariance estimate for each trait or 
combination of traits being evaluated (Roehe, 1999).  For example, a study of piglet survival 
by Arango et al. (2005) was completed with a total chain length of 200000 single round 
iterations and the first 20000 iterations were discarded as the burn-in period.  Every 20th 
sample of the remaining 180000 samples was stored for the final evaluation.  This allowed 
for 9000 samples to be available for calculating parameter estimates of interest from their 
respective posterior distributions.  Post-Gibbs analyses, using the POSTGIBBSF90 program 
(Misztal et al., 2002), was then used to estimate the mean variance, or covariance, and 
highest posterior density (HPD) from their respective posterior distributions.  Highest 
posterior density is the Bayesian confidence interval (Box and Tiao, 1992), and an HPD that 
did not include 0 indicated the variance or covariance estimate was significantly different 
from 0 (P < 0.05).   
Though Gibbs sampling methodology has not been utilized in the evaluation of 
lactation feed intake, it has been used for estimation of genetic variance components in pigs.  
Ibanez-Escriche et al. (2011) utilized Gibbs sampling to estimate the genetic covariance of 
growth traits using purebred and crossbred data.  Genetic variance estimates for disturbed 
milk production in sows and the genetic covariance with growth performance traits were 
estimated with Gibbs sampling (Rydhmer et al. 2001).  Genetic (co)variance components for 
growth rate and performance traits in Gelbvieh cattle were also estimated using the 
GIBBSF90 program (Iwaisaki et al., 2005). 
Though genetic variance and covariance components involving feed intake have been 
evaluated extensively, they have been estimated using multiple methods.  Generally all 
methods are useful, though the subtle differences may allow for a more accurate estimate for 
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various types of traits (e.g. categorical) or quicker computation involving more robust data 
sets.  The high correlation (0.99) between estimates in multiple methods suggests that 
estimates will be similar regardless of the method used. 
Lactation Feed Intake in Other Species 
As feed costs have increased over the past 5 to 10 years, studies evaluating feed 
intake, feed conversion, and feed efficiency in growing pigs have become more prevalent.  
More recently the relationship between lactation feed intake and reproductive performance 
has been evaluated in sows.  However, lactation feed intake is not only of interest in sows, 
but also in other species including mice, goats, sheep, and especially, lactating dairy cattle.  
Studies done in mice are ideal for identifying trends and relationships in production 
livestock species.  In 1973, Jara-Almonte and White evaluated feed intake in lactating mice 
(n = 533) and estimated the genetic relationship between feed intake during 3 periods of 
lactation with milk production and litter growth rate.  They reported that feed intake during 
each of 3 stages of lactation was heritable (0.14 – 0.34) and was positively and favorably 
correlated with milk production (0.15 – 0.36).  Feed consumption was also favorably 
correlated with growth rate of the litter (0.02 – 0.64), and the relationship was strongest when 
feed intake and growth rate were measured at the end of lactation.  Another study evaluated 
the relationship of feed intake in mice divergently selected for heat loss and estimated the 
effect on feed intake and reproductive performance (McDonald and Nielsen, 2007).  Mice 
selected for less heat loss were more efficient and did not need to eat as much feed to meet 
their nutrient requirements for maintenance, but they also had smaller subsequent litter sizes 
and poorer conception rates than those selected for high heat loss.  Another study using the 
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same selection lines found that mice selected for low heat loss had lower levels of milk 
production and weaned lighter litters (McDonald and Nielsen, 2006).   
Several studies have been completed to evaluate lactation feed intake in sheep and 
goats.  Cannas et al. (2004) reported that lactation feed intake curves in sheep could be 
predicted based on body weight, body reserves, and milk production levels in lactating sheep.  
Another study in Alpine dairy goats (n = 36) reported that levels of feed intake increased as 
lactation progressed, but efficiency decreased (Tovar-Luna et al., 2010).  Desnoyers et al. 
(2009) reported that goats which had an off-feed period due to subacute acidosis took nearly 
20 days to return to sufficient levels of intake.  During those 20 days, milk yield and quality 
were reduced which significantly reduced profitability. 
Though feed intake in beef cattle is usually measured in growing steers and heifers 
and commonly reported as residual feed intake (Arthur et al., 2001), several studies have 
been done on feed intake in lactating cows.  Black et al. (2013) reported heifers selected for 
low residual feed intake ate less during lactation but mobilized fewer body reserves.  
Consequently, it has been reported that an increase in feed intake during lactation is directly 
associated with increased milk yield and preweaning calf growth (Miller et al., 1999).  
Jenkins et al. (2000) reported similar findings and suggested that increasing feed intake in 
lactating beef cows significantly increased profitability for beef producers during all stages of 
production.  Level of intake during growth and gestation, breed, parity, and season all 
affected milk production and feed intake levels in lactating cows (Lee, 1997), but feed 
availability, frequency of feeding, and quality of diet also significantly impact feed intake 
and milk production during lactation (Jenkins and Ferrell, 1994). 
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The relationship between feed intake during lactation and milk production has been 
intensely studied for decades and is very well understood in dairy cattle.  Milk production is 
directly related to profitability of producers and feed intake drives milk production.  Tekerli 
et al. (2000) reported that the level of feed intake in lactating Holstein cows (n = 475) 
significantly affected milk production.  When feed intake levels were lower cows had a lower 
level of peak milk production and the persistency of that level was reduced.  Genetic 
evaluation of the relationship between milk production and feed intake indicated that they 
were expressed by some of the same genes.  The genetic correlation between daily intake and 
milk production levels was 0.38 which suggests that selection for increased productivity 
likely resulted in an increase in appetite or capacity for feed intake (Sondergaard et al., 
2002).  Similarly, genetic correlations between dry matter intake with milk yield (0.63) and 
body weight retention during lactation (0.52) were high and favorable (Vallimont et al., 
2010).  Feed intake levels in a controlled confinement environment were significantly higher 
than levels of intake in grazing cows, and consequently cows in the controlled environment 
produced more milk and higher levels of protein and fat (Vance et al., 2012).  It has also been 
reported the level of intake was favorably related to an increase in milk production levels and 
lower body weight losses during lactation in Nordic Red cows (Mantysaari et al., 2012).  
Feed intake and milk production levels are affected by a variety of systematic and 
environmental factors.  Milk production levels and feed intake capacity were much lower in 
Danish Red and Jersey cows than in Holstein cows (Friggens et al. 2007).  Feed intake and 
milk yield were also much lower in parity 1 cows, though both increased as parity increased, 
and the parity effect was similar in all breeds.  Season can also impact feed intake and milk 
yield.  Increasing air temperature and relative humidity levels resulted in reduced dry matter 
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intake and milk yield levels in southeastern United States dairy herds (West, 2003).  The 
frequency of feeding (1 vs. 5 times each day) during lactation did not cause an increase in 
milk production or total daily feed intake levels (Mantysaari et al., 2006).  Feed intake during 
previous phases of life affected the level of feed intake during lactation in sows, but had a 
limited effect in dairy cattle.  A study of standard or high protein diets fed to Holstein heifers 
indicated that the level of intake and level of protein in the diet in heifer calves increased 
growth rate and size of the heifers at first calving, but it did not affect body condition score, 
calving ability, feed intake levels or milk production during lactation (Rincker et al., 2011).  
Similarly, cows fed low, medium, and high levels of feed during the dry period showed no 
significant differences in milk yield, milk fat, or milk protein levels during lactation (Agenas 
et al., 2003).  However, feed intake levels were lower during the first 4 weeks of lactation in 
cows fed the low and medium diet levels, but they were able to recover and maintained 
similar levels of intake after 4 weeks of lactation.   
Similar trends were noticed between sows, cows, mice, sheep, and goats.  It is 
possible that research done in other species may benefit researchers and producers in the 
swine industry, though the production cycle and biology of each species is different.  It 
would be valuable and highly suggested to evaluate the effect of lactation feed intake on 
performance within each species more thoroughly, and also within each specific population 
of interest.    
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ITS RELATIONSHIP WITH REPRODUCTIVE PERFORMANCE 
 
A paper published in Livestock Science 
 
C.L. Yoder2, C.R. Schwab3, J.S. Fix4, V.M. Duttlinger5, T.J. Baas2,6 
 
 
Abstract 
 
Daily feed intake during lactation was recorded on purebred Yorkshire (n = 1587), 
Landrace (n = 2197), and F1 Yorkshire x Landrace (n = 6932) litters from day 1 to 22 of 
lactation. Lactation feed intake (LFI) curves were predicted using a mixed model which 
included fixed effects of breed, season, parity group (PG), day of lactation, interactions of 
day with breed and PG, and a covariate for litter size after cross-fostering. Random effects 
included litter, contemporary group (herd-year-month), dam, and sire nested within breed. 
Least squares means for each day were used to express LFI curves by breed through day 22 
of lactation. Yorkshire and Landrace LFI curves were not different (P = 0.09), though both 
differed from the LFI curve (P < 0.05) of F1 sows. Due to a limited number of observations 
in late lactation, LFI data from days 19 to 22 were not included.  Evaluation of the difference 
in feed intake between 2 consecutive days (DC) of lactation resulted in the following 
classifications: 3 periods for purebreds, day 1 to 6 (PB1), day 7 to 10 (PB2), and day 11 to 18 
(PB3); 2 periods for F1 sows, day 1 to 5 (C1) and day 6 to 18 (C2). Average rate of change in  
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intake (ARC), average daily intake (ADI), and variation from predicted LFI values (VAR) 
metrics were estimated for each period in purebred and F1 sows. Parity group 1 in both 
purebred and F1 sows had the lowest ARC and ADI metrics, but highest VAR (P < 0.05) in 
each period of lactation. Similar differences were observed for seasonal effects (P < 0.05) as 
LFI curves during summer months represented lower ARC and ADI and higher VAR values 
compared to all other seasons.  For all breeds, increased ARC and ADI metrics resulted in 
higher 21-day litter weaning weights (P < 0.05), while decreasing VAR metrics late in 
lactation (PB3 and C2) resulted in higher 21-day litter weaning weights and shorter wean-to-
first-service intervals (P < 0.05).  Average rate of change increased more quickly in early 
periods (PB1, PB2, C1) and was lower in late lactation (PB3, C2).  An increase in average 
rate of change in intake, average daily intake, and decreased variation from predicted LFI 
values during a period of lactation resulted in improved measures of maternal performance. 
Key words: feed intake, lactation, swine 
Introduction 
 Genetic selection for sow productivity has resulted in larger litters and heavier 
weaning weights, subsequently increasing the need for sows to provide more nutrients during 
lactation (Auldist et al., 1998), while selection for lean gain and efficiency in growing pigs 
has resulted in animals with lower feed intake capacities (Kanis et al., 1990).  Feed intake 
and body reserves are the only sources of nutrients a sow can utilize for maintenance and 
milk production during lactation (Ball et al., 2008), and lactation feed intake is frequently 
inadequate and does not meet the requirements of the litter, requiring body reserves to be 
mobilized to maintain milk production (Noblet et al., 1990).  Reduced feed intake during 
lactation can cause prolonged wean-to-first-service interval (Eissen et al., 2003) and sows 
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with higher body reserve losses have a higher likelihood of being removed from the breeding 
herd (Anil et al., 2006).  Sows with higher average daily lactation feed intake produce 
heavier pigs at weaning (Koketsu and Dial, 1997; Schinckel et al., 2010) and ad libitum-fed 
sows produced pigs with higher body weight gain than restriction-fed sows (Sulabo et al., 
2010).  Average daily intake during lactation is the most recognizable measure of feed intake 
during lactation (Eissen et al., 2003; Lewis and Bunter, 2011) though it has been suggested 
that there is a key period during lactation when the metabolic state influences subsequent 
reproductive performance (Pettigrew and Tokach, 1993).  Several studies have measured 
average intake within each week of lactation (Koketsu et al., 1997), but using lactation feed 
intake curves to predict significant periods of intake during lactation has not been previously 
reported.  In dairy cattle, descriptors of the lactation curve have long been utilized as an 
indicator of variation in milk production (Johansson and Hansson, 1940), which holds 
potential for quantifying intake in lactating sows and the relationship with performance.  The 
current study evaluated daily LFI with the intention of providing a management practice for 
efficiently feeding sows during lactation.  Therefore the objectives of the present study were 
to estimate lactation feed intake curves for purebred and F1 sows, classify the lactation feed 
intake curve into periods of lactation, quantify metrics of lactation feed intake during periods 
of lactation, and determine the effect of metrics on reproductive performance and lactation 
feed intake.    
Materials and methods 
Animals 
 Daily lactation feed intake records (LFI) on 10716 litters were collected from 
purebred Yorkshire and Landrace sows, and Landrace x Yorkshire crossbred sows (Table 1).  
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Data were recorded from sows in 3 production units representing a nucleus, multiplier, and 
commercial farm within the same genetic flow from January 2007 through March 2011.  
Litters from sows of parity greater than 10 or with lactation lengths less than 15 days or 
greater than 25 days were removed from the data set.  The distribution of records for each 
parity, season, and lactation length (LL) is summarized by breed in Table 2. 
Data Collection 
During lactation, sows were housed in individual stalls in a totally enclosed totally 
enclosed environment.  Collection of daily LFI records began post farrowing.  Purebred sows 
were hand fed 5 times per day and F1 sows were hand fed 2 times per day.  To calculate 
daily intake remaining feed was estimated the following morning and subtracted from the 
previous day’s total.  Sows were fed to appetite with increased feed availability when sows 
ate all feed provided the previous feeding.   
Within 24 hours of farrowing, pigs were fostered to balance litters for number of pigs 
nursed.  Litter size (LS) was recorded as the number of pigs nursing after cross-fostering 
occurred.  Number of pigs weaned and litter weaning weight were recorded at time of 
weaning.  After weaning, sows were moved to individual gestation stalls and wean-to-first-
service interval (WTSI) was recorded on sows that remained in the breeding herd. 
Statistical analysis 
Predicted values for daily LFI in purebred and F1 sows were estimated with a mixed 
model using the HPMIXED procedure in SAS (SAS Inst. Inc., Cary, NC).  Due to low a 
number of daily LFI records in late lactation (> 22 days), only day 1 through 22 of lactation 
were used for prediction of daily LFI values.  The model for observed daily LFI included 
fixed effects of breed, season (Winter: December, January and February; Spring: March, 
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April and May; Summer: June, July and August; Fall: September, October and November), 
parity group (PG), day of lactation, and interactions of day of lactation with breed and PG.  
The model also included a covariate of LS.  Random effects included litter, contemporary 
group (herd-year-month), dam, and sire nested within breed.  Initial analysis included parity 
as a fixed effect; however, there were no significant differences (P > 0.05) in daily LFI after 
parity 4 and the final model included 4 categories for the effect of PG: parity 1, 2, 3 and ≥ 4.  
Least squares means for the interaction of day and breed were used to quantify the LFI 
curves through day 22 of lactation for each sow line (Figure 1).    
Classification of LFI periods 
Classification of LFI curves into significant periods of intake was based on the shape 
of LFI curves and the rate of change in intake between 2 consecutive days throughout 
lactation.  Values of the difference in intake between 2 consecutive days were analyzed 
utilizing the same mixed model for prediction of daily LFI values.  Contrasts of LS means for 
day-to-day intake change (DC) values by day and breed resulted in the classification of 
different periods within the LFI curve of purebred and F1 sows (Figure 2).  Yorkshire and 
Landrace LFI curves were not significantly different, but both purebred curves were 
significantly different from the F1 LFI curve.  Evaluation of DC resulted in the following 
classifications: 3 periods for purebred lines, day 1 to 6 (PB1), day 7 to 10 (PB2), day 11 to 18 
(PB3); 2 periods for crossbred F1 sows, day 1 to 5 (C1), and day 6 to 18 (C2).   
 A description of LFI metrics evaluated in the present study is listed in Table 3.  
Values for average daily rate of change in intake (ARC) from the first day of each period to 
the last day of that period, average daily intake (ADI), and the coefficient of variation (CV) 
of daily observed LFI values from predicted daily LFI values (VAR) were estimated for each 
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period of lactation.  Variation metrics were estimated as the standard deviation of daily 
observed LFI values from daily predicted LFI values divided by mean observed LFI during 
the relevant period of lactation.  Analyses involving metrics specific to different periods were 
conducted separately for purebred and F1 populations.  Litter weaning weight was adjusted 
for breed, parity, LS, and to a 21 day lactation length (LW21).  Wean-to-first-service interval 
(WTSI) followed a normal distribution but represented a narrow range; and due to limited 
observations at the tails of the distribution, values for WTSI ≤ 4 days were considered 4 days 
and WTSI ≥ 9 days were considered 9 days. These categories were similar to groups used by 
Tantasuparuk et al. (2000b).  Wean-to-first-service interval was analyzed as a normally 
distributed, continuous variable.   
Similar mixed models were used to evaluate reproductive performance (LW21 and 
WTSI) and metrics (ARC, ADI, and VAR) of the LFI curve.  Models for LW21 included a 
single fixed effect of season since the trait was adjusted for breed, parity, LL, and LS.  Breed 
was included as a fixed effect in models using purebred data, with the exception of the model 
for LW21 due to it being previously adjusted for breed to account for variation between the 
Yorkshire and Landrace breeds.  Breed was not included in models utilizing F1 data since 
observed data represented one genetic population.   
Models including average rate of change in intake   
Average rate of change in intake measured in purebred litters (ARCPB1, ARCPB2, 
ARCPB3, and ARCTP) and F1 litters (ARCC1, ARCC2, and ARCTC) were included as 
covariates in separate models for LW21, WTSI, and average daily feed intake adjusted to a 
21 day LL (ADFI) to estimate effects on reproductive performance and LFI.  Models, 
including P-values for fixed effects and covariates for LW21, WTSI, ADFI, and ARC 
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metrics in purebred and F1 data are presented in Table 4.  All models included contemporary 
group (CG), dam, and sire nested within breed as random effects.  Season was included as a 
fixed effect in all models, LL was included as a fixed effect for WTSI, and PG was included 
as a fixed effect in all models except for LW21.  Breed was included as a fixed effect in 
models for WTSI, ADFI, and ARC metrics in purebred data.  Litter size was included as a 
covariate in models for ADFI and metrics of the LFI curve, though the effect varied for 
different ARC metrics.  Unadjusted litter weaning weight, a measure of a sow’s milking 
ability and provided maternal environment, was also included as a covariate for WTSI to aid 
in controlling for differences in preweaning nutritional expenditures.  Average rate of change 
metrics measured in early lactation were included as covariates for ARC metrics measured in 
subsequent periods of lactation in purebred and F1 data.   
Models including average daily feed intake or variation from predicted LFI values 
The same mixed models were used to evaluate the effects of ADI and VAR metrics 
on LW21, WTSI, ADFI, subsequent ADI metrics, and subsequent VAR metrics, by replacing 
ARC effects with either ADI metric effects or VAR metric effects during the same period of 
lactation.  Effects of ADI or VAR metrics on LW21, WTSI, ADFI and LFI metrics were 
evaluated using separate models.  Models used resemble those found in Table 4 to evaluate 
the effect of ARC on performance, including use of the same fixed and random effects in all 
models for LW21, WTSI, and ADFI for purebred and F1 data.  As shown in Table 4, average 
daily intake metrics during periods of lactation were included as covariates in models for 
LW21, WTSI, ADFI, and subsequently measured ADI metrics by replacing ARC metrics 
corresponding with the same period of lactation.  Variation metrics during periods of 
lactation similarly replaced ARC metrics corresponding with the same period of lactation as 
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covariates in models for LW21, WTSI, ADFI, and VAR metrics measured during periods 
later in lactation.   
Results and Discussion 
Average daily feed intake throughout lactation has been the most commonly reported 
measure of lactation feed intake.  The present study offers an alternative method to evaluate 
LFI in that it provides analysis of easily captured metrics that describe various sections of the 
entire LFI curve in purebred and F1 sows.  Descriptive statistics for litter information, 
reproductive performance, and LFI metrics are presented in Table 5. 
Lactation feed intake curves for purebred and F1 sows continued an upward trajectory 
(Figure 1) throughout lactation in the present study.  Even though rate of increase slowed as 
lactation progressed, there was no evidence of reaching a maximum daily feed intake up to 
22 days of lactation for this population.  Kruse et al. (2011) reported LFI curves increased 
quickly during the first week of lactation, similar to the shape of LFI curves in the present 
study, but plateaued and remained constant after the first week.  Schinckel et al. (2010) 
utilized a portion of the dataset of purebred sows similar to the present study to estimate least 
squares means of daily LFI in purebred sows.  That study used a mixed model similar to the 
model in the present study and reported that the shape of LFI curves in Yorkshire and 
Landrace sows were not significantly different.  Long term selection for similar breeding 
goals for maternal performance in Yorkshire and Landrace sows likely resulted in similar 
LFI curves.   
 Koketsu et al. (1997) classified lactation into periods by week of lactation to evaluate 
the effect of LFI on reproductive performance.  In the present study, evaluation of rate of 
change in intake between 2 consecutive days within breed revealed different periods of 
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intake for purebred and F1 sows impact maternal performance.  Periods of lactation were 
different between purebred and F1 populations due to significantly different DC throughout 
early and late lactation.  The purebred and F1 populations were subjected to different feeding 
regimens, which could cause variation in the rate of change in daily intake resulting in 
different periods of lactation between lines.   
Breed effects  
 Least squares means for main effects of breed, PG, and season on reproductive 
measures and LFI metrics are presented in Tables 6 and 7 for purebred and F1 sows, 
respectively.  Breed, likely due to a different feeding regimen, had a significant effect on the 
shape of LFI curves which resulted in different period classifications for purebred and F1 
lines.  Though shape of LFI curves were not different between Yorkshire and Landrace sows 
based on ARC metrics, evaluation of various metrics during specific periods of lactation 
yielded different results between purebred lines.  Yorkshire sows had a larger ARCPB1 but 
smaller ARCPB3 values than Landrace sows, coinciding with Figures 1 and 2, though there 
was no difference (P > 0.05) in ARC during the entire lactation.  Landrace sows appeared to 
compensate for lower ARCPB1 with a greater ARCPB3.  Similar to the present study, LFI 
curves for Yorkshire and Landrace did not differ when evaluated across the entire lactation 
(Schinckel et al., 2010).  Average LFI during early lactation periods, ADIPB1 and ADIPB2, 
were higher in Yorkshire sows while ADIPB3 did not differ between breeds.  Due to the 
difference in intake during early lactation, ADFIP was higher in Yorkshire sows.  Mean 
variation of observed intake from predicted LFI values (VARPB1, VARPB2, and VARPB3) 
was not different between Landrace and Yorkshire sows in the present study which can likely 
be explained by the similarity of shape of LFI curves between breeds.  However, it has been 
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shown that transient reductions from predicted LFI values in early lactation occurred more 
frequently in Landrace sows (Schinckel et al., 2010).   
Parity effects 
 Females are still developing during their first parity and reproductive performance 
and LFI are expected to be reduced in young sows compared to older sows.  Horan et al. 
(2005) reported in dairy cattle that the shape of the lactation curve was significantly impacted 
by cow parity.  In the present study, slope metrics (ARCPB1, ARCPB2, ARCTP, ARCC1, 
ARCC2, and ARCTC) were significantly lower in PG 1 sows and increased as parity 
increased in purebred and F1 sows.  Koketsu et al. (1996) characterized feed intake patterns 
by level of increase or decrease in intake from a previous peak intake, a notion similar to 
ARC metrics, and reported that as parity increased the likelihood for decrease in intake was 
significantly reduced.  However, rate of change in intake and the shape of LFI curves were 
not affected by parity (Kruse et al., 2011). 
    Equivalently, ADI metrics were significantly lower in PG 1 purebred and F1 sows 
than any other PG, and ADI metrics within period of lactation increased as parity increased.  
Though ADI metrics increased as sows matured, ADIPB1, ADIPB2, ADIPB3, ADFIP, and 
ADIC1 metrics in PG 3 and PG 4 sows were not different (P > 0.05).  In F1 sows, ADIC2 
and ADFIC continued to increase through PG 4, indicating capacity for intake in late 
lactation continued to increase as F1 sows got older. O’Grady et al. (1985) and Koketsu et al. 
(1996) reported results similar to the present study that ADFI was lowest in parity 1 sows and 
increased as parity increased.  An increase in ADFI from parity 1 to parity 4 indicated that 
ADFI plateaued in later parities and ADFI was similar in sows in parities ≥ 4 (Jones and 
Hermesch, 2007).  Koketsu et al. (1997) found that parity did not significantly affect LFI 
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during any week of lactation, which was in contrast to the present study.  Effect of parity on 
average daily feed intake during periods of lactation has not previously been reported to date, 
while results from the present study suggest parity significantly affects average intake during 
periods of lactation.    
Variation of observed intake from predicted LFI values followed a similar trend 
within PG as ARC and ADI metrics in the present study.  In purebred and F1 sows variation 
from predicted LFI values was highest in younger sows and decreased as parity increased.  
Least squares means for VARPB1 were higher than values for VARPB2 and VARPB3 in 
each PG, indicating variation is highest in early lactation periods in younger sows.  Similarly, 
variation from predicted LFI values (VARC1, VARC2, and VARTC) was higher in younger 
PG F1 sows than all other PG, and VAR values decreased as parity increased.  Effects of 
parity on VAR metrics have not previously been investigated; however, results from the 
present study show similar trends for VAR, ADI, and ARC metrics between PG. 
As sows matured, average rate of change in intake and average daily intake in each 
period of lactation increased while variation from predicted LFI values decreased.  This 
improvement in LFI metrics was likely due to increased capacity of sows as they continued 
to grow.  First parity sows are still maturing and require more nutrients to meet growth and 
maintenance requirements while nursing a litter of pigs, and do not have the capacity for the 
level of feed intake necessary to meet those requirements.  McGlone et al. (2004) measured 
body dimensions in gestating sows and reported that body depth, width, and length increase 
with parity through parity 6 and younger sows generally do not have sufficient capacity for 
the feed intake required to meet the needs of the litter.  Thus, one potential explanation for 
parity effects found in the present study is that capacity for additional feed consumption 
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increases as sows continue to grow and mature, which leads to higher average rate of feed 
intake and average daily intake as well as decreased variation from predicted LFI. 
Seasonal effects 
Season has been shown to significantly affect LFI and various other measures of 
performance.  Increase in temperature can discourage sow activity and lead to lower levels of 
intake during lactation.  In the present study, LFI metrics in purebred and F1 sows were 
significantly affected by season (Tables 6 and 7).  In dairy cattle the shape of the lactation 
curve was affected when cows calved during the summer (Tekerli et al., 2000) and peak 
production was significantly lower during summer months.  In the present study, ARC was 
lowest (P < 0.05) during the summer in all periods of lactation in purebred and F1 sows.  
Similar to the present study, Koketsu et al. (1996) reported that an increase in temperature 
resulted in a decrease in rate of intake, while Schinckel et al. (2010) reported peak intake 
during lactation was significantly lower during the summer when compared to other seasons, 
ultimately affecting the shape of the LFI curve.   
In the present study, average daily intake decreased in hotter seasons.  In purebred 
sows, ADI metrics during all periods of lactation were lowest during summer months and 
highest during winter.  In F1 sows, ADIC1 was higher during the summer while ADIC2 and 
ADFIC had the lowest values during the summer compared to other seasons.  Previous 
studies reported ADFI was significantly lower during the summer than any other season.  
Lewis and Bunter (2011) suggested that controlling the environment of farrowing rooms is 
an important management practice to minimize the seasonal decrease in intake.  Similar 
seasonal effects have been estimated in previous studies, as Jones and Hermesch (2007) 
reported a 0.8 kg/day decrease in ADFI during summer months compared to cooler 
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temperatures during winter, while Bergsma and Hermesch (2012) reported extremely high 
and low temperatures during lactation resulted in a significant decrease in ADFI.   
The effects of season on variation metrics in the present study follow a trend similar 
to ARC and ADI in previous studies, though no known research has reported seasonal effects 
on VAR metrics.  Season did not affect variation from predicted LFI values during mid-
lactation (VARPB2); however during summer months, LS means for VARPB1, VARPB3, 
and VARTP in purebred sows were significantly greater than for other seasons.  Variation in 
early lactation (VARC1) among F1 sows was greater during the summer compared to other 
seasons.  Similarly, VARC2 and VARTC were highest during the summer, while the values 
during the spring season were not different (P > 0.05).  Transient reductions in daily feed 
intake from predicted LFI values were highest during winter months (Schinckel et al., 2010).  
Results from that study contradict the present study which may be due to the differences in 
quantifying variation in each study or the prediction of higher intake during winter months.  
In the current study heat and humidity during summer were associated with a decrease in 
feed intake and higher variation from predicted LFI curves, which likely inhibits peak 
reproductive performance. 
A decrease in LFI at higher temperatures during lactation limits resources for milk 
production and increased mobilization of body reserves, hindering litter growth and sow 
reproductive performance.  In the present study LW21 was significantly lower during the 
summer compared to other seasons in purebred and F1 sows, and WTSI was slightly longer 
during the summer months for F1 sows.  Temperatures above 25° C during lactation resulted 
in reduced piglet growth rate and individual weaning weight with decreased milk production 
(Quiniou and Noblet, 1999).  Tantasuparuk et al. (2000a) found Yorkshire and Landrace 
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sows that weaned litters during the hot season had longer wean-to-service intervals, fewer 
sows returned to estrus within 7 days of weaning, and sows mated during the hot season had 
a significantly lower farrowing rate.  Sows that farrowed during the summer had longer 
wean-to-conception intervals, and reduced litter weights at weaning (Koketsu and Dial, 
1997).  
Reduced intake is directly linked to lower nutrient supply to the litter which results in 
poorer growth rate of the litter, greater mobilization of body reserves, and poorer 
reproductive performance.  Managing sows during periods of higher temperatures is 
important to the productivity of the sow and litter.  Results from the present study are 
generally in agreement with previous reports on factors affecting LFI and the shape of LFI 
curves in purebred and F1 sows.  Breed, parity, and season have been shown to affect all 
aspects of LFI including average rate of change in intake, average daily intake, and variation 
from a predicted LFI curve.  Closely managing sows based on breed, parity, and season can 
reduce variation in intake and improve LFI and sow productivity.  
Effect of LFI metrics on LW21 
 Feed intake and body reserves are the only sources of nutrients a sow can utilize for 
maintenance and milk production during lactation (Ball et al., 2008).  However, many 
lactating sows are restriction-fed in early lactation to avoid agalactia, a reduction in milk 
production, and a decrease in LFI during late lactation (Neil et al., 1996), which is directly 
correlated to decreased litter weaning weight (Noblet and Etienne, 1989).  Litter weaning 
weight is a common measure of sow performance and milking ability (Revell et al., 1998).  
Regression coefficients and P-values for the effect of LFI metrics on LW21, WTSI, and 
ADFI are presented in Table 8.  Measures of LFI in late lactation had a significant effect on 
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LW21 in purebred and F1 sows.  Metrics for purebred sows in early and mid-lactation 
(ARCPB1, ADIPB1, ADIPB2, VARPB1, and VARPB2) did not affect LW21 (P > 0.05), 
which coincides with results from Moser et al. (1987).  Metrics measured later in lactation 
(ARCPB2, ARCPB3, ARCTP, ADIPB3, ADFIP, VARPB3, and VARTP) in purebred sows 
had a significant effect on LW21.  With the exception of ARCC1, all ARC, ADI, and VAR 
metrics had a significant effect on LW21.  An increase in ARC and ADI and a decrease in 
VAR during late lactation were associated with heavier LW21.   
Previous studies have shown similar results that demonstrated that increasing LFI has 
a beneficial impact on weaning weight.  Schinckel et al. (2010) reported a positive linear 
relationship between ME intake and litter weaning weight.  Koketsu et al. (1997) estimated 
the effect of ADFI during each week of lactation and reported ADFI during mid to late 
lactation affected litter weaning weights more than ADFI during early lactation, similar to 
results of the present study.  Koketsu et al. (1996) reported that sows with reduced intake 
during lactation had lighter litter weaning weights when compared to high intake sows.  In 
the present study, increased ARC and ADI metrics during early lactation did not cause a 
reduction in milk production measured by LW21 as previous studies reported, and an 
increase in LFI during early and late lactation significantly improved LW21.  It may be 
possible that sows have been selected for a level of performance which allows them to more 
easily adjust to higher feeding levels needed for production.  Lactation feed intake in late 
lactation had a greater impact on LW21 which coincides to the period of lactation where 
piglets require more nutrients and sows have higher levels of intake. 
Previous studies have not evaluated the effect of VAR on performance, however, 
results from the present study suggest feeding sows based on predicted LFI curves, 
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decreasing variation, and managing feeding in later lactation may be more beneficial to 
performance than feeding sows to appetite.  Though increasing LFI throughout lactation 
results in greater performance, feeding based on predicted LFI values may be the best 
management option to optimize LFI and performance.  In general, results from the present 
study illustrate that LFI metrics throughout lactation affect LW21 in purebred and F1 sows, 
while specifically, LFI metrics in late lactation tend to have a larger effect on LW21 than LFI 
metrics in early lactation. 
Effect of LFI metrics on WTSI 
 Low feed intake during lactation results in mobilization of body reserves to meet 
needs of the litter which can result in extended WTSI (Dourmad, 1991).  Kirkwood et al. 
(1987) reported low LFI led to decreased body reserves which directly affected luteinizing 
hormone levels and luteinizing hormone pulse frequency, which have been shown to be 
correlated with longer WTSI (Koketsu et al., 1998).  In the present study, an increase in 
variation from predicted LFI values in late lactation (VARPB3) resulted in longer WTSI (P < 
0.05), though no other ARC, ADI, or VAR metrics in purebred sows affected WTSI (P > 
0.05).  In F1 sows, increased values for ARCC2, ARCTC, VARC2, and VARTC resulted in 
longer WTSI, while sows with a higher ADIC1 had shorter WTSI.   
Results from this study indicate that average rate of change in intake and variation 
from predicted LFI values in late lactation affect WTSI more than in early lactation.  Koketsu 
et al. (1996) reported sows with a rapid decrease in intake during lactation had a longer 
WTSI than sows that had a rapid or gradual increase in intake throughout lactation.  
Contradictory to the current study, Koketsu et al. (1997) evaluated ADFI during each week 
of lactation and reported that WTSI was more highly influenced by LFI in early lactation 
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than in late lactation.  The impact of variation from predicted LFI values on WTSI has not 
previously been reported, though results for WTSI in the present study correspond with 
results for other metrics (ARC, ADI) that variation negatively affects performance (LW21 
and WTSI).  Previous studies showed a greater effect of LFI on WTSI than in the present 
study.  The WTSI was not recorded on sows that were not retained for a subsequent litter and 
distribution of WTSI was very narrow with the majority of sows having first service within 7 
days post weaning, which likely affected the magnitude of the relationship between LFI 
metrics and WTSI in the present study. 
Effect of LFI metrics on ADFI 
Average daily lactation feed intake over the entire lactation is the most commonly 
reported measure of LFI and is comprised of multiple daily LFI measurements.  Average rate 
of change in intake, average daily intake, and variation in intake during different periods 
significantly affect ADFI over the entire lactation period.  In purebred and F1 populations 
increasing rate of change in intake resulted in an increase (P < 0.05) in ADFIP and ADFIC.  
Regression coefficients for average rate of change in early lactation (ARCPB1, ARCC1) on 
ADFI were greater than those in late lactation for purebred and F1 sows.  Kruse et al. (2011) 
reported feeding curves increased through the first week of lactation and the ARC in early 
lactation had a significant effect on ADFI.  Results were similar to the present study in which 
ARC in early lactation affected ADFI more than ARC in late lactation.  Sows which 
increased feed intake more quickly in day 1 to 6 of lactation had higher ADFI than sows with 
a slower rate of change in early lactation (Moser et al., 1987).  Similarly, Neil et al. (1996) 
reported that sows which had rapid increase in intake during early lactation had higher ADFI 
due to a constant average rate of change in intake during late lactation.   
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Higher average daily intake during all periods of lactation resulted in higher ADFIP 
and ADFIC, though ADI in later periods of lactation (ADIPB3, ADIC2) had a larger effect 
on ADFI.  Average intake increased in subsequent weeks of lactation and average intake in 
later weeks had a more significant effect on ADFI (Hermesch, 2006).  Koketsu et al. (1997) 
evaluated ADFI for each of the first 3 weeks of lactation and reported that LFI increased as 
lactation progressed and average intake in late lactation had a more significant effect on 
ADFI, similar to the present study.  
 The effect of variation from predicted LFI values during periods of lactation on 
ADFI followed trends found throughout the present study for ARC and ADI.  Increased VAR 
during any period of lactation resulted in reduced ADFIP and ADFIC, though increased 
variation in late lactation (VARPB3, VARC2) had greater impact (P < 0.05) on ADFIP and 
ADFIC than early lactation. 
Average daily feed intake throughout the entire lactation is affected by ARC, ADI, 
and VAR metrics during periods of lactation. Increasing average rate of change in intake, and 
decreasing variation from predicted intake positively affects ADFI.  Managing feeding 
strategies during different periods of lactation can improve ADFI and consequently, 
performance.  
Effect of LFI metrics on subsequent intake 
 Lactation feed intake measured during different periods of lactation has been shown 
to affect reproductive performance and ADFI, but little work has been reported on the effect 
of early lactation LFI on intake later in lactation.  In purebred and F1 sows, ARC in intake 
during early periods of lactation significantly affected ARC in late lactation.  In purebred 
sows a 1 kg/day increase in ARCPB1 was associated with decreases (P < 0.05) in ARCPB2 
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(-0.31 kg/day) and ARCPB3 (-0.11 kg/day), an increase of 1 kg/day in ARCPB2 was 
associated with 0.09 kg/day increase in ARCPB3 and in F1 sows a 1 kg/day increase in 
ARCC1 was associated with decreased ARCC2 (-0.22 kg/day).  Schinckel et al. (2010) 
reported an increase from day 1 to 4 tended to result in a lower rate of change in day 5 to 10 
and a gradual rate of change until weaning.  A study by Neil et al. (1996) showed a higher 
ARC in intake early in lactation did not affect ARC later in lactation, but sows with higher 
ADI during early lactation had slightly higher levels of intake in following weeks.  Results 
from the present study generally illustrate that ARC in early lactation affects ARC in late 
lactation and a high rate of change in early lactation is difficult to sustain, which may have 
been related to feed delivery patterns, feed equipment design, or sows reaching intake 
capacity earlier in lactation. 
 Sows that had higher average daily intake in early lactation continued to eat more in 
late lactation.  An increase of 1 kg/day in ADIPB1 was associated with an increase (P < 0.05) 
ADIPB2 (0.95 kg/day) but did not significantly affect ADIPB3 (0.02 kg/day), while a 1 
kg/day increase in ADIPB2 was associated with an increase in ADIPB3 (0.59 kg/day) and in 
F1 sows, an 1 kg/day increase in ADIC1 was associated with greater ADIC2 (0.81 kg/day).  
In contrast, Aherne (2001) reported feed intake in the last 3 weeks of lactation was not 
affected by LFI in the first week.  Moser et al. (1987) reported sows fed a restricted diet in 
the first week of lactation were able to reestablish similar levels of feed intake in late 
lactation when compared to sows fed ad libitum diets throughout lactation.   
Variation from predicted intake was consistent throughout lactation.  In purebred 
sows regression coefficients for VARPB1 on VARPB2 (0.81) and VARPB3 (0.13) suggest 
sows with higher VAR in early lactation will have a higher likelihood of higher VAR in late 
65 
 
 
lactation.  An increase in VARPB2 by 1, was associated with a 0.22 increase in VARPB3.  In 
F1 sows a 1 unit increase in VARC1 was associated with increased VARC2 (0.33).  
Persistence of variation from predicted intake throughout periods of lactation has not been 
previously reported.  Similar to ARC and ADI, VAR in early lactation significantly affected 
the value of VAR in late lactation.  Results in the current study show minor differences when 
compared to previous studies, which was likely due to differences in populations tested, 
feeding methods, period classification methods, or methods for quantifying LFI metrics in 
each period of lactation.   
Conclusion 
 Lactation feed intake plays a significant role in the productivity of U.S. sow herds.  
Evaluation of lactation feed intake curves showed a significant difference between shape of 
curves in purebred and F1 sows. Analysis of rate of change in intake between 2 consecutive 
days yielded periods during lactation in which the shape of the lactation feed intake curve 
was significantly different between purebred and F1 populations. However, the average rate 
of change in intake and periods of significant LFI did not differ between Landrace and 
Yorkshire sows.  Breed, parity, and season affect average rate of change in intake, average 
daily feed intake, and variation from predicted daily lactation feed intake values throughout 
lactation.  Increases in average rate of change in intake and average daily feed intake resulted 
in improved adjusted 21 day litter weaning weight and wean-to-first-service interval, while a 
decrease in variation from predicted lactation feed intake values improved reproductive 
performance.  Lactation feed intake metrics in early lactation significantly affected metrics in 
late lactation and metrics in late lactation had a more significant impact on performance than 
early lactation LFI metrics.  Feeding strategies during lactation may be altered to exploit 
66 
 
 
opportunities to improve productivity.  Increasing rate of intake and average intake during 
lactation while limiting variation from predicted lactation feed intake curves improves 
performance.  Further research is needed to estimate genetic relationships between lactation 
feed intake metrics during periods in lactation with grow-finish performance, reproductive 
performance, and subsequent litter performance to determine their value in a selection 
program.   
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Table 1. Number of parity records and females with lactation feed intake records by breed in a study of lactation feed intake.  
   Parents of Sows with Parity Records 
Breed Parity Records Sows with Parity 
Records 
Sires Dams 
Landrace 2197 726 106 297 
Yorkshire 1587 544 115 246 
F1 a 6932 3403 153 1252 
Total 10716 4673 278b 1795 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b Yorkshire and Landrace boars were used for purebred F1 matings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
70 
 
 
 
Table 2. Distribution of parity records by season, parity, and lactation length in a study of 
lactation feed intake  
Item Landrace Yorkshire F1b Total 
Seasona:      
Winter 527 396 1378 2301 
Spring 560 405 1710 2675 
Summer 566 417 1774 2757 
Fall 544 369 2070 2983 
Parity:     
1 443 336 1330 2109 
2 452 309 1298 2059 
3 367 269 1086 1722 
4 300 214 987 1501 
5 231 161 871 1263 
6 186 109 762 1057 
7 101 81 412 594 
8 66 52 136 254 
9 36 34 41 111 
10 15 22 9 46 
Lactation Length (day): 
15 60 33 655 748 
16 119 68 834 1021 
17 231 124 772 1127 
18 401 268 1526 2195 
19 611 431 2018 3060 
20 249 261 888 1398 
21 133 148 172 453 
22 87 76 33 196 
23 119 75 29 223 
24 87 42 5 134 
25 100 61 0 161 
a Winter: December, January and February; Spring: March, April and May; Summer: June, 
July and August; Fall: September, October and November. 
b F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
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Table 3. Description of lactation feed intake metrics classified in a study of lactation feed 
intake.  
Trait Descriptiond 
ARCPB1a Average rate of change in observed intake from days 1 to 6 in purebred 
litters 
ARCPB2a Average rate of change in observed intake from days 7 to 10 in purebred 
litters 
ARCPB3a Average rate of change in observed intake from days 11 to 18, or the last 
day of lactation if lactation length < 18 days, in purebred litters 
ARCC1a Average rate of change in observed intake from days 1 to 5 in F1 litters 
ARCC2a Average rate of change in observed intake from days 6 to 18, or the last day 
of lactation if lactation length < 18 days, in F1 litters 
ARCTPBa Average rate of change in observed intake from days 1 to 18 or the last day 
of lactation if lactation length < 18 days in purebred litters 
ARCTCa Average rate of change in observed intake from day 1 to 18 or the last day 
of lactation if lactation length < 18 days in F1 litters 
ADIPB1b Average observed intake from day 1 to 6 in purebred litters  
ADIPB2b Average observed intake from day 7 to 10 in purebred litters 
ADIPB3b Average observed intake from day 11 to 18, or to the last day of lactation if 
lactation length < 18 days, in purebred litters 
ADIC1b Average observed intake from day 1 to 5 in F1 litters 
ADIC2b Average observed intake from days 6 to 18, or the last day of lactation if 
lactation length < 18 days, in F1 litters 
ADFIPBb Average daily feed intake adjusted to 21-day lactation length in purebred 
litters 
ADFICb Average daily feed intake adjusted to 21-day lactation length in F1 litters 
VARPB1c CV of observed intake from predicted values during day 1 to 6 in purebred 
litters  
VARPB2c CV of observed intake from predicted values during day 7 to 10 in 
purebred litters 
VARPB3c CV of observed intake from predicted values during day 11 to 18, or the 
last day of lactation if lactation length < 18 days, in purebred litters 
VARC1c CV of observed intake from predicted values during day 1 to 5 in F1 litters 
VARC2c CV of observed intake from predicted values during day 5 to 18, or the last 
day of lactation if lactation length < 18 days, in F1 litters 
VARTPBc CV of observed intake from predicted values during day 1 to 18, or the last 
day of lactation if lactation length < 18 days, in purebred litters 
VARTCc CV of observed intake from predicted values during day 1 to 18, or the last 
day of lactation if lactation length < 18 days, in F1 litters 
a  ARC is average rate of change in observed intake from the first to the last day of the 
specified time period for purebred litters (ARCPB) or F1 litters (ARCC). 
b ADI is the average value of the observed daily feed intake for the specified period in 
purebred litters (ADIPB) and F1 litters (ADIC). 
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c VAR is the coefficient of variation (CV) for the difference between observed feed intake 
and predicted feed intake within the specified time period for purebred litters (VARPB) and 
F1 litters (VARC). 
d F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
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Table 4. P-values for fixed effects and covariates of all variables which included an average rate of change in intake metric in the model. 
Modelsa using purebred data 
 Fixed Effectsc:  Covariatesd 
Itemb Breed PG Season LL  LS WW ARCPB1 ARCPB2 ARCPB3 ARCTPB 
LW21   < 0.01     0.15 < 0.01 0.04  
LW21   < 0.01        < 0.01 
WTSI 0.05 < 0.01 0.65 0.09   0.08 0.70 0.63 0.74  
WTSI 0.05 < 0.01 0.63 0.38   0.06    0.68 
ADFIPB < 0.01 < 0.01 < 0.01   < 0.01  < 0.01 < 0.01 0.02  
ADFIPB < 0.01 < 0.01 < 0.01   < 0.01     < 0.01 
ARCPB1 < 0.01 < 0.01 0.02   0.80      
ARCPB2 0.78 < 0.01 0.01   0.24  < 0.01    
ARCPB3 < 0.01 0.90 < 0.01   0.15  < 0.01 < 0.01   
ARCTPB 0.16 < 0.01 < 0.01   < 0.01      
Modelsa using F1e data 
 Fixed Effectsc:  Covariatesd 
Itemb PG Season LL  LS WW ARCC1 ARCC2 ARCTC 
LW21  < 0.01     0.50 < 0.01  
LW21  < 0.01       < 0.01 
WTSI < 0.01 < 0.01 < 0.01   < 0.01 0.13 0.02  
WTSI < 0.01 < 0.01 < 0.01   < 0.01   < 0.01 
ADFIC < 0.01 0.51   < 0.01  < 0.01 < 0.01  
ADFIC < 0.01 0.62   < 0.01    < 0.01 
ARCC1 < 0.01 < 0.01   < 0.01     
ARCC2 < 0.01 0.02   0.15  < 0.01   
ARCTC < 0.01 < 0.01   0.03     
a All models included random effects of sire nested within breed, dam, and contemporary group (herd-year-month). 
b LW21: adjusted 21-day litter weight; WTSI: wean-to-first-service interval; ADFIPB: average daily feed intake during lactation in purebred 
populations; ARCPB1: average rate of change in intake from days 1 to 6 in purebred litters; ARCPB2: average rate of change in intake from days 7 
to 10 in purebred litters; ARCPB3: average rate of change in intake from days 11 to 18 in purebred litters; ARCTPB: average rate of change in intake 
from days 1 to 18, or last day of lactation if LL < 18 days in purebred litters; ADFIC: average daily feed intake during lactation in F1 populations;  
ARCC1: average rate of change in intake from days 1 to 5 in F1 litters; ARCC2: average rate of change in intake from days 6 to 18 in F1 litters; 
ARCTC: average rate of change in intake from days 1 to 18, or last day of lactation if LL < 18 days  in F1 litters. 
c PG: parity group; Season: Winter: December, January and February; Spring: March, April and May; Summer: June, July and August; Fall: 
September, October and November; LL: lactation length. 
d LS: litter size after cross fostering; WW: unadjusted litter weaning weight. 
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Table 5. Number of records, mean, standard deviation (SD), minimum and maximum values of 
variables measured during lactation during a lactation feed intake study. 
Traita N Mean SD Minimum Maximum 
Parity 10716 3.52 2.07 1.00 10.00 
LL 10716 18.53 2.01 15.00 25.00 
NBA 10716 12.09 3.10 0.00 25.00 
LS 10716 11.99 1.74 3.00 22.00 
Weaned 10716 10.75 1.53 3.00 19.00 
LW21, kg 10716 82.25 11.06 28.77 126.43 
WTSI, d 9037 5.44 3.05 4.00 49.00 
ARCPB1, kg/d 3784 0.58 0.22 -0.53 1.21 
ARCPB2, kg/d 3784 0.26 0.32 -1.70 1.81 
ARCPB3, kg/d 3784 0.10 0.20 -1.13 1.25 
ARCC1, kg/d 6932 0.64 0.18 -0.64 1.00 
ARCC2, kg/d 6932 0.30 0.17 -0.37 0.94 
ARCTPB, kg/d 3784 0.37 0.10 -0.15 0.59 
ARCTC, kg/d 6932 0.43 0.12 -0.08 0.88 
ADIPB1, kg/d 3784 4.02 0.91 0.53 6.65 
ADIPB2, kg/d 3784 6.72 1.41 0.45 10.55 
ADIPB3, kg/d 3784 7.80 1.34 1.98 11.74 
ADIC1, kg/d 6932 3.84 0.69 0.00 7.71 
ADIC2, kg/d 6932 7.75 1.39 1.25 13.15 
ADFIPB, kg/d 3784 6.45 1.09 2.00 9.82 
ADFIC, kg/d 6932 6.78 1.14 1.71 11.35 
VARPB1 3784 0.22 0.20 0.03 4.92 
VARPB2 3784 0.15 0.24 0.01 10.19 
VARPB3 3784 0.14 0.13 0.01 3.36 
VARC1 6932 0.19 0.19 0.02 7.39 
VARC2 6932 0.14 0.10 0.01 1.85 
VARTPB 3784 0.16 0.10 0.04 1.48 
VARTC 6932 0.16 0.10 0.02 1.76 
a Parity: parity of sow at farrowing; LL: lactation length; NBA: number born alive; LS: litter size after 
cross fostering 24 hours post-farrowing; Weaned: number of pigs weaned; LW21: adjusted 21 -litter 
weight; WTSI: wean-to-first-service interval; ARCPB1: average rate of change in intake from days 1 
to 6 in purebred litters; ARCPB2: average rate of change in intake from days 7 to 10 in purebred 
litters; ARCPB3: average rate of change in intake from days 11 to 18 in purebred litters; ARCC1: 
average rate of change in intake from days 1 to 5 in F1 litters; ARCC2: average rate of change in 
intake from days 6 to 18 in F1 litters; ARCTPB: average rate of change in intake from days 1 to 18, 
or last day of lactation if LL < 18 days in purebred litters; ARCTC: average rate of change in intake 
from days 1 to 18, or last day of lactation if LL < 18 days  in F1 liters; ADIPB1: average intake of 
day 1 to 6 in purebred litters; ADIPB2: average intake of days 7 to 10 in purebred litters; ADIPB3: 
average intake from days 11 to 18 in purebred litters; ADIC1: average intake during day 1 to 5 in F1 
litters; ADIC2: average intake during day 6 to 18 in F1 litters; ADFIPB: average daily feed intake 
during lactation in purebred populations; ADFIC: average daily feed intake during lactation in F1 
litters; VARPB1: CV from days 1 to 6 in purebred litters; VARPB2: CV from days 7 to 10 in 
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purebred litters; VARPB3: CV from days 11 to 18 in purebred litters; VARC1: CV from days 1 to 5 
in F1 litters; VARC2: CV from days 6 to 18 in F1 litters; VARTPB: CV from days 1 to 18, or last day 
of lactation if LL < 18 days in purebred litters; VARTC: CV from days 1 to 18, or last day of 
lactation if LL < 18 days in F1 litters.
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Table 6.  Least squares means of reproductive performance and lactation feed intake metrics for breed, parity group, and seasonal effects in purebred sows from a study of lactation feed 
intake. 
 Breed Parity Group Season 
Trait* Landrace Yorkshire 1 2 3 ≥ 4 Winter Spring Summer Fall 
LW21, kg - - - - - - 83.4 ± 0.6b 83.2 ± 0.6b 80.0 ± 0.6a 82.8 ± 0.6b 
WTSI, d 5.22 ± 0.05b 5.12 ± 0.05a 5.38 ± 0.05c 5.19 ± 0.05b 5.09 ± 0.06a,b 5.02 ± 0.05a 5.10 ± 0.07a 5.10 ± 0.07a 5.22 ± 0.08a 5.18 ± 0.08a 
ARCPB1, kg/d 0.56 ± 0.02a 0.60 ± 0.02b 0.50 ± 0.02a 0.58 ± 0.02b 0.62 ± 0.03c 0.62 ± 0.02c 0.63 ± 0.02b 0.58 ± 0.03a,b 0.53 ± 0.04a 0.58 ± 0.04a,b 
ARCPB2, kg/d 0.26 ± 0.01a 0.26 ± 0.01a 0.22 ± 0.01a 0.26 ± 0.01b 0.28 ± 0.01b,c 0.29 ± 0.01c 0.30 ± 0.02b 0.27 ± 0.02b 0.21 ± 0.02a 0.26 ± 0.02a,b 
ARCPB3, kg/d 0.10 ± 0.01b 0.08 ± 0.01a 0.09 ± 0.01a 0.09 ± 0.01a 0.10 ± 0.01a 0.10 ± 0.01a 0.12 ± 0.01b 0.10 ± 0.01b 0.05 ± 0.01a 0.10 ± 0.01b 
ARCTPB, kg/d 0.33 ± 0.01a 0.34 ± 0.01a 0.31 ± 0.01a 0.34 ± 0.01b 0.35 ± 0.01c 0.35 ± 0.01c 0.37 ± 0.01c 0.34 ± 0.01b 0.29 ± 0.01a 0.34 ± 0.01b 
ADIPB1, kg/d 3.97 ± 0.07a 4.08 ± 0.07b 3.67 ± 0.07a 4.08 ± 0.07b 4.17 ± 0.07c 4.17 ± 0.07c 4.23 ± 0.12b 4.01 ± 0.12a,b 3.71 ± 0.13a 4.15 ± 0.13b 
ADIPB2, kg/d 6.60 ± 0.05a 6.82 ± 0.05b 6.33 ± 0.05a 6.70 ± 0.05b 6.91 ± 0.05c 6.91 ± 0.05c 6.91 ± 0.07b 6.74 ± 0.07b 6.41 ± 0.08a 6.78 ± 0.08b 
ADIPB3, kg/d 7.78 ± 0.05a 7.80 ± 0.05a 7.56 ± 0.05a 7.78 ± 0.05b 7.91 ± 0.05c 7.93 ± 0.05c 8.13 ± 0.07c 7.83 ± 0.08b 7.31 ± 0.08a 7.90 ± 0.08b 
ADFIPB, kg/d 6.35 ± 0.07a 6.50 ± 0.07b 6.01 ± 0.07a 6.45 ± 0.07b 6.63 ± 0.07c 6.63 ± 0.07c 6.74 ± 0.13b 6.45 ± 0.14b 5.93 ± 0.14a 6.59 ± 0.14b 
VARPB1 0.23 ± 0.01a 0.22 ± 0.01a 0.26 ± 0.01c 0.22 ± 0.01b 0.21 ± 0.01a,b 0.20 ± 0.01a 0.21 ± 0.01a 0.22 ± 0.01a 0.26 ± 0.01b 0.20 ± 0.01a 
VARPB2 0.15 ± 0.01a 0.14 ± 0.01a 0.18 ± 0.01b 0.13 ± 0.01a 0.12 ± 0.01a 0.14 ± 0.01a 0.13 ± 0.01a 0.14 ± 0.01a 0.16 ± 0.01a 0.13 ± 0.01a 
VARPB3 0.14 ± 0.01a 0.14 ± 0.01a 0.15 ± 0.01b 0.15 ± 0.01a,b 0.13 ± 0.01a 0.14 ± 0.01a 0.13 ± 0.01a 0.14 ± 0.01a 0.18 ± 0.01b 0.13 ± 0.01a 
VARTPB 
0.16 ± 0.01a 0.16 ± 0.01a 0.19 ± 0.01c 0.16 ± 0.01b 0.15 ± 0.01a 0.15 ± 0.01a 0.14 ± 0.01a 0.16 ± 0.01a 0.20 ± 0.01b 0.14 ± 0.01a 
* LW21: adjusted 21-day litter weight; WTSI: wean-to-first-service interval; ARCPB1: average rate of change in intake from day 1 to 6 in purebred litters; ARCPB2: average rate of 
change in intake from day 7 to 10 in purebred litters; ARCPB3: average rate of change in intake from day 11 to 18 in purebred litters; ARCTPB: average rate of change in intake from 
day 1 to 18, or last day of lactation if LL < 18 days  in purebred litters; ADIPB1: average intake from day 1 to 6 in purebred litters; ADIPB2: average intake from day 7 to 10 in 
purebred litters; ADIPB3: average intake from day 11 to 18 in purebred litters; ADFIPB: average daily feed intake during lactation in purebred populations; VARPB1: CV from day 1 to 
6 in purebred litters; VARPB2: CV from day 7 to 10 in purebred litters; VARPB3: CV from day 11 to 18 in purebred litters; VARTPB: CV from day 1 to 18, or last day of lactation if 
LL < 18 days in purebred litters. 
a-d Least squares means within a row and main effect with different superscripts are significantly different (P < 0.05). 
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Table 7.  Least squares means of reproductive performance and lactation feed intake metrics for parity group and seasonal effects in F1e sows 
during a study of lactation feed intake. 
 Parity Group Season 
Trait* 1 2 3 ≥ 4 Winter Spring Summer Fall 
LW21, kg - - - - 82.2 ± 1.0b 85.0 ± 1.0c 80.2 ± 0.9a 81.3 ± 0.9a 
WTSI, d 4.92 ± 0.07c 5.00 ± 0.07c 4.83 ± 0.07b 4.61 ± 0.07a 4.71 ± 0.09a 4.80 ± 0.08a 5.02 ± 0.08b 4.83 ± 0.08a 
ARCC1, kg/d 0.61 ± 0.01a 0.62 ± 0.01a 0.64 ± 0.01b 0.66 ± 0.01c 0.68 ± 0.01c 0.64 ± 0.01b 0.56 ± 0.01a 0.67 ± 0.01b,c 
ARCC2, kg/d 0.25 ± 0.01a 0.29 ± 0.01b 0.32 ± 0.01c 0.32 ± 0.01c 0.33 ± 0.01b 0.28 ± 0.02a,b 0.26 ± 0.02a 0.32 ± 0.02b 
ARCTC, kg/d 0.39 ± 0.01a 0.41 ± 0.01a 0.44 ± 0.01a,b 0.44 ± 0.01b 0.45 ± 0.02b 0.40 ± 0.01a 0.38 ± 0.01a 0.44 ± 0.01b 
ADIC1, kg/d 3.22 ± 0.05a 3.92 ± 0.05b 3.97 ± 0.05c 3.97 ± 0.05c 3.67 ± 0.10a 3.61 ± 0.10a 4.01 ± 0.09b 3.79 ± 0.09a 
ADIC2, kg/d 7.10 ± 0.06a 7.61 ± 0.06b 7.90 ± 0.06c 8.05 ± 0.06d 8.08 ± 0.12c 7.51 ± 0.12b 7.17 ± 0.10a 7.90 ± 0.10c 
ADFIC, kg/d 5.95 ± 0.05a 6.75 ± 0.05b 6.96 ± 0.05c 7.02 ± 0.05d 6.84 ± 0.10b 6.55 ± 0.10a 6.51 ± 0.10a 6.78 ± 0.10b 
VARC1 0.22 ± 0.01b 0.20 ± 0.01a 0.18 ± 0.01a 0.19 ± 0.01a 0.19 ± 0.01a 0.20 ± 0.01a 0.23 ± 0.01b 0.17 ± 0.01a 
VARC2 0.16 ± 0.01d 0.14 ± 0.01c 0.13 ± 0.01b 0.12 ± 0.01a 0.12 ± 0.01a 0.15 ± 0.01b 0.16 ± 0.01b 0.13 ± 0.01a 
VARTC 0.19 ± 0.01c 0.16 ± 0.01b 0.15 ± 0.01a 0.15 ± 0.01a 0.14 ± 0.01a 0.17 ± 0.01b 0.19 ± 0.01b 0.14 ± 0.01a 
* LW21: adjusted 21-day litter weight; WTSI: wean-to-first-service interval; ARCC1: average rate of change in intake from day 1 to 5 in F1 
litters; ARCC2: average rate of change in intake from day 6 to 18 in F1 litters: average rate of change in intake from day 1 to 18, or last day of 
lactation if LL < 18 days  in F1 liters; ADIC1: average intake from day 1 to 5 in F1 litters; ADIC2: average intake from day 6 to 18 in F1 
litters; ADFIC: average daily feed intake during lactation in F1 litters; VARC1: CV from day 1 to 5 in F1 litters; VARC2: CV from day 6 to 
18 in F1 litters; VARTC: CV from day 1 to 18, or last day of lactation if LL < 18 days in F1 litters. 
a-d Least squares means within a row and main effect with different superscripts are significantly different (P < 0.05). 
e F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
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Table 8. Regression coefficients ± S.E. for lactation feed intake metrics on 21-day litter weaning weight, wean-to-first-service interval, 
and average daily feed intake in a study of lactation feed intakee. 
Traita 21-day litter weight (kg)b P-valuec Wean-to-first-service interval 
(day) 
P-valuec ADFId (kg/d) P-valuec 
ARCPB1, kg/d 1.26 ± 0.39       0.15 -0.04 ± 0.04 0.70 1.83 ± 0.03 < 0.01 
ARCPB2, kg/d 2.03 ± 0.25 < 0.01 0.02 ± 0.02 0.63 0.37 ± 0.02 < 0.01 
ARCPB3, kg/d 1.83 ± 0.40  0.04 0.02 ± 0.04 0.74 -0.13 ± 0.03  0.02 
ARCTPB, kg/d  12.87 ± 0.89 < 0.01 -0.09 ± 0.10 0.68 3.79 ±0.06 < 0.01 
ADIPB1, kg/d 0.37 ± 0.14 0.22 -0.04 ± 0.02 0.13 0.29 ± 0.01 < 0.01 
ADIPB2, kg/d -0.37 ± 0.10 0.10 -0.02 ± 0.04 0.95 0.22 ± 0.01 < 0.01 
ADIPB3, kg/d 1.76 ± 0.09 < 0.01 -0.02 ± 0.01 0.45 0.44 ± 0.01 < 0.01 
ADFIPB, kg/d 1.96 ± 0.09 < 0.01 -0.04 ± 0.01 0.08 -- -- 
VARPB1 -3.68 ± 0.88 0.06 0.02 ± 0.10 0.75 -2.77 ± 0.05 < 0.01 
VARPB2 -1.23 ± 0.73 0.44 -0.08 ± 0.07 0.28 -1.14 ± 0.04 < 0.01 
VARPB3 -14.37 ± 1.32  < 0.01 0.28 ± 0.14 0.04 -4.43 ± 0.08 < 0.01 
VARTPB -26.67 ± 1.79 < 0.01 0.10 ± 0.19 0.32 -11.42 ± 0.23 < 0.01 
ARCC1, kg/d 0.51 ± 0.34 0.50 -0.11 ± 0.03 0.13 2.87 ± 0.02 < 0.01 
ARCC2, kg/d 6.50 ± 0.38 < 0.01 0.20 ± 0.04 0.02 2.67 ± 0.02 < 0.01 
ARCTC, kg/d 8.29 ± 0.54 < 0.01 0.26 ± 0.54 0.02 5.69 ± 0.04 < 0.01 
ADIC1, kg/d 2.29 ± 0.11 < 0.01 -0.04 ± 0.01 0.04 0.04 ± 0.01 < 0.01 
ADIC2, kg/d 0.53 ± 0.05 < 0.01 0.02 ± 0.01 0.24 0.75 ± 0.01 < 0.01 
ADFIC, kg/d 1.81 ± 0.06 < 0.01 -0.02 ± 0.01 0.68 -- -- 
VARC1 -3.26 ± 0.74  0.04 0.02 ± 0.07 0.76 -1.52 ± 0.05 < 0.01 
VARC2 -19.10 ± 1.43 < 0.01 0.37 ± 0.14 < 0.01 -10.42 ± 0.22 < 0.01 
VARTC -24.25 ± 1.41 < 0.01 0.39 ± 0.14 < 0.01 -11.33 ± 0.23 < 0.01 
a ARCPB1: average rate of change in intake from day 1 to 6 in purebred litters; ARCPB2: average rate of change in intake from day 7 to 
10 in purebred litters; ARCPB3: average rate of change in intake from day 11 to 18 in purebred litters; ARCTPB: average rate of change 
in intake from day 1 to 18, or last day of lactation if LL < 18 days in purebred litters; ADIPB1: average intake from day 1 to 6 in 
purebred litters; ADIPB2: average intake from day 7 to 10 in purebred litters; ADIPB3: average intake from day 11 to 18 in purebred 
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litters; ADFIPB: average daily feed intake during lactation in purebred populations; VARPB1: CV from day 1 to 6 in purebred litters; 
VARPB2: CV from day 7 to 10 in purebred litters; VARPB3: CV from day 11 to 18 in purebred litters; VARTPB: CV from day 1 to 18, 
or last day of lactation if LL < 18 days in purebred litters; ARCC1: average rate of change in intake from day 1 to 5 in F1 litters; 
ARCC2: average rate of change in intake from day 6 to 18 in F1 litters; ARCTC: average rate of change in intake from day 1 to 18, or 
last days of lactation if LL < 18 days in F1 liters; ADIC1: average intake from day 1 to 5 in F1 litters; ADIC2: average intake from day 
6 to 18 in F1 litters; ADFIC: average daily feed intake during lactation in the F1 litters; VARC1: CV from day 1 to 5 in F1 litters; 
VARC2: CV from day 6 to 18 in F1 litters; VARTC: CV from day 1 to 18, or last day of lactation if LL < 18 days in F1 litters. 
b Adjusted for breed, parity, litter size, and to a 21-day lactation length. 
c Coefficient is significant at level (P < 0.05). 
d ADFIPB was used in models with covariates: ARCPB1, ARCPB2, ARCPB3, ARCTPB, ADIPB1, ADIPB2, ADIPB3, VARPB1, 
VARPB2, VARPB3 and VARTPB; ADFIC was used in models with covariates: ARCC1, ARCC2, ARCTC, ADIC1, ADIC2, VARC1, 
VARC2 and VARTC. 
e F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
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Fig. 1.  Least squares means for daily lactation feed intake by breed in a study of lactation feed intake. 
 
 
 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses.   
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Fig. 2. Least squares means, by day of lactation, for day-to-day changesb (DC) in lactation feed intake by breed in a study of 
lactation feed intake.  
 
 
 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses.  
b Day-to-day changes in intake between consecutive days of lactation were used to classify significantly different periods of intake 
during lactation.   
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CHAPTER 4.  ESTIMATION OF DEVIATIONS FROM PREDICTED LACTATION 
FEED INTAKE AND THE EFFECT ON REPRODUCTIVE PERFORMANCE 
 
A paper published in Livestock Science 
C.L. Yoder2, C.R. Schwab3, J.S. Fix4, K.J. Stalder2, P.M. Dixon5, V.M. Duttlinger6, T.J. 
Baas*2,7 
 
Abstract 
The objectives of this study were to quantify significant negative deviations (DEV) 
from predicted daily lactation feed intake values and to estimate their effect on reproductive 
performance and subsequent intake in purebred and F1 sows. Daily lactation feed intake 
(LFI) records from day 1 to 22 of lactation from purebred Yorkshire (n = 1587 parity 
records), purebred Landrace (n = 2197 parity records), and reciprocal cross F1 (n = 6932 
parity records) females were used to predict daily LFI values. The mixed model included 
fixed effects of breed, season, parity group (1, 2, 3 and ≥ 4), day of lactation, and interactions 
of day with breed and parity group, and a covariate of litter size after cross-fostering. 
Random effects included litter, contemporary group (herd-year-month), dam, and sire nested 
within breed. Deviations from predicted LFI values were quantified using an internally 
studentized residual (SR). A SR ≤ -1.71, equivalent to observed LFI at least 1.9 kg less than  
1 Livestock Science (2013) 154:184-192 
2 Department of Animal Science, Iowa State University, Ames, IA, U.S. 50011 
3 The Maschhoffs, Carlyle, IL, U.S. 62231 
4 National Swine Registry, West Lafayette, IN, U.S. 47906 
5 Department of Statistics, Iowa State University, Ames, IA, U.S. 50011  
6Tempel Genetics, Gentryville, IN, U.S. 47537 
7 Correspondence: 109 Kildee Hall, Iowa State University, Ames, IA 50011 (phone: 515-
294-6728; fax: 515-294-5698; E-mail: tjbaas@iastate.edu) 
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predicted, was considered a DEV. Zero DEV occurred in 60% of lactation records, while 
18% of lactation records had 1 DEV, and 22% of lactation records had ≥ 2 DEV. Thirty-four 
percent of negative deviations occurred during the summer months (June, July, August) 
which was more frequent when compared to the spring (26%), fall (23%), and winter (17%) 
months. Adjusted 21-day litter weaning weight (LW21) decreased as the number of DEV 
increased within a single lactation period, and wean-to-first-service interval (WTSI) 
increased when at least 3 DEV occurred within a single lactation. An increase in DEV during 
early lactation did not affect LW21 or WTSI (P > 0.05), though an increase in number of 
DEV after day 5 of lactation was associated with lower LW21 and longer WTSI. Odds of a 
negative deviation from predicted LFI occurring on any given day of lactation were 
estimated as odds ratios. If a DEV occurred the prior day, a DEV was 8.7 and 39.5 times 
more likely to occur than if a DEV had not occurred for purebred and F1 sows, respectively. 
In F1 sows, a DEV was 3.1 (P < 0.01) times more likely to occur after day 5 of lactation 
when a DEV occurred on day 1 to 5 of lactation. Negative deviations from predicted LFI 
values decreased reproductive performance and had a larger effect on performance when they 
occurred during late lactation. 
Key words: feed intake; lactation; studentized residual; sow 
Introduction 
 Lactation feed intake (LFI) affects reproductive performance; specifically, studies 
have been completed that quantify the relationship between lactation feed intake and traits 
highly related to profitability, including litter weaning weight and wean-to-first-service 
interval (Eissen et al., 2003).  During lactation, feed intake and body reserves are the only 
nutrient sources available for maintenance and milk production and the change of one 
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directly affects the other (Ball et al., 2008).  However, feed intake during lactation is 
frequently inadequate and does not meet the nutrient requirements for the sow and litter, 
which results in mobilization of body reserves to maintain milk production levels (Noblet et 
al., 1990).  Increasing feed intake during lactation is one solution to minimize the 
mobilization of body reserves and improve sow and litter performance.  Heavier weaning 
weights are economically valuable as heavier pigs at weaning require less feed during 
finishing and have a greater growth rate (Cabrera et al., 2010).  Slower rate of increase in 
feed intake during lactation is associated with lower 21-day litter weaning weights (Yoder et 
al., 2012) and sows with lower average daily feed intake during lactation have litters with 
lower preweaning growth rates (Koketsu and Dial, 1997; Eissen et al., 2003). Inadequate LFI 
leads to decreased body weight, backfat depth, luteinizing hormone level and pulse 
frequency, prompting longer wean-to-estrus intervals (Koketsu et al., 1998).  Extended wean-
to-estrus intervals, and the sow’s ability to re-breed, are the most common reasons for culling 
from the breeding herd (Stalder et al., 2004; Engblom et al., 2007) and decreased LFI 
increases the likelihood of a sow being culled (Knauer et al., 2010).  Sows in a commercial 
herd with inadequate feed consumption, or those that consumed no feed during a single day 
during the first 2 weeks of lactation were more likely to be removed from the breeding herd 
after weaning (Anil et al., 2006).  However, required daily intake varies and is impacted by 
day of lactation, parity, breed, season, litter size, diet composition, sow management 
methods, and between populations.  Thus, the definition of inadequate intake is system 
dependent and varies within the industry.  A significant deviation from predicted daily LFI 
can affect performance and occur more frequently in young sows (Schinckel et al., 2010).  
Variation of observed LFI from predicted LFI values has been associated with reduced 21-
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day litter weaning weight and longer wean-to-first-service intervals (Yoder et al., 2012).  The 
objectives of this study were to quantify significant negative deviations from predicted daily 
LFI values, estimate the effect of negative deviations from predicted LFI on reproductive 
performance, and evaluate the impact of a negative deviation on subsequent intake 
throughout lactation in purebred and F1 sows. 
Materials and methods 
Animals and Data Collection 
 Daily lactation feed intake (LFI) from 10716 parity records was collected on purebred 
Yorkshire (n = 1587 parity records), purebred Landrace (n = 2197 parity records), and 
Landrace x Yorkshire or Yorkshire x Landrace (n = 6932 parity records) F1 sows.  Data were 
recorded from January 2007 through March 2011 from sows in 3 production units 
representing the nucleus, multiplier, and commercial levels of a single genetic system.  
Records from sows of parity > 10 or lactation length (LL) < 15 days or > 25 days were 
removed from the data set.  The distribution of lactation records by parity, season, and LL 
were reported by Yoder et al. (2012). 
Collection of daily LFI records began post farrowing on sows housed in individual 
stalls in a totally enclosed, confinement environment.  Purebred sows were hand fed 5 times 
per day and F1 sows were hand fed 2 times per day.  Remaining feed was estimated the 
following morning and subtracted from the previous day’s total to calculate daily LFI values.  
Sows were fed to appetite throughout lactation with increased feed availability when all feed 
was eaten during the previous feeding.  Litter size (LS) was recorded as the number of pigs 
nursing after cross-fostering (within 24 hours post farrowing) occurred.  Number of pigs 
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weaned and litter weaning weight were recorded at weaning.  Wean-to-first-service interval 
(WTSI) was recorded on sows that remained in the breeding herd for the next lactation. 
Statistical analysis 
Predicted values for daily LFI in purebred and F1 sows were estimated with a mixed 
model using the HPMIXED procedure in SAS (SAS Inst. Inc., Cary, NC).  Due to a low 
number of records that exceeded 22 days of LFI, only day 1 through 22 of lactation were 
used for prediction of daily LFI values.  The model for observed daily LFI included fixed 
effects of breed, season, parity group (PG), day of lactation, and interactions of day of 
lactation with breed and PG; a linear covariate of LS, and random effects of litter, 
contemporary group (herd-year-month), dam of the sow, and sire of the sow nested within 
breed.  Initial analysis included parity as a fixed effect; however, there were no differences 
(P > 0.05) in daily LFI values after parity 4 and the final prediction model included the 
following 4 PG: parity 1, 2, 3 and ≥ 4.   
Lactation feed intake curves were classified into periods of intake based on the shape 
of the LFI curves and the rate of change in intake between 2 consecutive days.  Difference in 
intake between 2 consecutive days was analyzed utilizing the same mixed model developed 
for prediction of daily LFI values.  Contrast of LS means for day-to-day change in intake 
(DC) resulted in classification of the LFI curve into different periods for F1 and purebred 
populations; however, Yorkshire and Landrace LFI curves did not differ (P > 0.05) and were 
analyzed together.  Evaluation of DC resulted in the following classifications for purebred 
lines: day 1 to 6 (PB1), day 7 to 10 (PB2), day 11 to 18 (PB3), and for F1 sows: day 1 to 5 
(C1) and day 6 to 18 (C2).  Due to a limited number of observations in late lactation, LFI 
data from days 19 to 22 were not included.  All analyses were conducted separately for 
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purebred and F1 populations due to the distinction of periods of lactation elapsing different 
days of lactation.  Yoder et al. (2012) provides a detailed explanation of analyses used for 
prediction of daily LFI and LFI period classification. 
Quantifying negative deviations from predicted LFI values 
 Internally studentized residuals (SR) corresponding to each predicted daily LFI value 
(n = 195656) were produced by the HPMIXED procedure in SAS (SAS Inst. Inc., Cary, NC).  
Studentized residuals are residuals converted to a scale representing approximately the 
standard deviation of an individual residual from the center of the residual distribution.  
Studentized residuals have a mean of 0 and a standard deviation of 1 to more clearly identify 
outliers (Jongenelen et al., 1988).  In the present study both positive and negative large SR's 
were initially considered. Empirically, 10% of the SR's were less than -1.71 or more than 
1.71. Considering only the large negative SR's, 5.02 % were less than -1.71.  A SR ≤ -1.71, 
equivalent to observed LFI at least 1.9 kg less than the predicted daily LFI value, was 
categorized as a significant negative deviation (DEV) from predicted LFI values.  
Descriptions of DEV measures evaluated during each period of lactation in the present study 
are provided in Table 1.  
Modeling the effect of DEV on reproductive performance 
Analyses for the effect of number of DEV on performance were completed using the 
HPMIXED procedure in SAS (SAS Inst. Inc., Cary, NC).  Models used to evaluate the effect 
of a DEV on reproductive performance and average daily feed intake during lactation (ADFI) 
in purebred and F1 sows are presented in Table 2.  Analyses for DEV specific to different 
periods of lactation were conducted separately for purebred and F1 populations.  Litter 
weaning weight (LW21) was adjusted to a 21-day LL and for breed, parity, and LS.  Average 
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daily feed intake during lactation was adjusted to a 21-day LL prior to analysis.  Wean-to-
first-service interval (WTSI) followed a narrow normal distribution.  Due to limited 
observations at the tails of the distribution, values for WTSI ≤ 4 days were considered 4 days 
and WTSI ≥ 9 days were considered 9 days (Yoder et al., 2012).  Wean-to-first-service 
interval was analyzed as a normally distributed, continuous variable.   
All models included contemporary group, dam, and sire nested within breed as 
random effects.  Breed was not included in models involving F1 parity records since 
observed data represented one population.  Total DEV during lactation was initially included 
as a fixed effect in models for LW21, WTSI, and ADFI; however, when 5 or more DEV 
occurred performance did not differ (P > 0.05).  Thus, DEVPB and DEVC within an entire 
lactation were classified into categories based on the total number of DEV occurrences: 0, 1, 
2, 3, 4 and ≥ 5 DEV.  Similarly within each period of lactation performance was not different 
(P < 0.05) when 4 or more DEV occurred.  Thus, 5 categories (0, 1, 2, 3, and ≥ 4 DEV) were 
used for all lactation periods, DEVPB1, DEVPB2, DEVPB3, DEVC1, and DEVC2 as 
defined in Table 1.    
Modeling the effect of variation from predicted LFI values on LFI in subsequent day  
Odds that a DEV, rather than adequate LFI, during a single day of lactation would 
result in a negative deviation from the predicted LFI value the next day were estimated using 
the GLIMMIX procedure in SAS (SAS Inst. Inc., Cary, NC).  When observed LFI was 
significantly greater than the predicted value (SR ≥ 1.71), equivalent to observed LFI values 
that were at least 1.9 kg greater than the predicted LFI value, it was considered a positive 
deviation from predicted LFI values (POS).  The occurrence of a DEV or POS during the 
previous day of lactation was evaluated as a binary trait (0 or 1) using a logit link function.  
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Models in purebred data included fixed effects of breed, PG, season, day of lactation, and a 
binary indicator of whether a DEV did or did not occur the previous day; a covariate of LS, 
and random effect of contemporary group.  The same model was used for F1 sows except 
breed was excluded from the model.  Models evaluating the odds that a POS would  result in 
a DEV the next day were the same with POS replacing DEV as a fixed effect.  All two-way 
interactions were not significant (P > 0.10), and thus were removed from the final model.   
 Fifty-five percent (n = 131179) of observed daily intakes were less than the 
corresponding predicted value, SR < 0.  Each daily LFI value was categorized as 0, (SR ≥ 0), 
or 1, (SR < 0).  Odds that a DEV would occur the day after intake was less than predicted, 
(SR < 0) compared to being greater than predicted (SR ≥ 0), were estimated using logistic 
regression with a binary distribution and were reported as odds ratios with a 95% confidence 
interval (CI).  The model for purebred data included breed, PG, season, LL, day of lactation, 
and whether SR < 0 or SR ≥ 0 as fixed effects, LS as a covariate, and contemporary group as 
a random effect.  Breed was excluded from the model used to analyze F1 data.   
Modeling the effect of DEV on subsequent periods of lactation 
 Odds ratios were estimated to determine the odds of a DEV occurring during a period 
later in lactation if at least one DEV had occurred during lactation.  Negative deviations from 
predicted LFI values during each period of lactation were evaluated as binary events 
(BINDEV): no DEV (0) or at least 1 DEV (1) within each period of lactation.  Odds that a 
BINDEV would occur during late lactation, after a BINDEV had occurred in early lactation, 
were estimated as odds-ratios and reported with a 95% confidence interval.  Descriptions of 
BINDEV during each period of lactation are listed in Table 3.   
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 Odds that a BINDEV would occur during late lactation were estimated with logistic 
regression using the GLIMMIX procedure in SAS (SAS Inst. Inc., Cary, NC).  The model for 
a BINDEV during PB2 included fixed effects of breed, PG, season, LL, BINDEV during 
PB1, a covariate of LS, and contemporary group as a random effect.  The same model was 
used for a BINDEV occurring during PB3 with the addition of BINDEV during PB2 as a 
fixed effect.  A similar model was used for F1 records that excluded the effect of breed.   
Results and discussion 
 Five percent of all observed daily LFI values were classified as a DEV (n = 9833).  
Thirty-four percent of DEV in the present study occurred during summer months, which was 
more frequent than during spring (26.0 %), fall (23.0%), and winter months (17.0 %).  
Though seasonal variation was accounted for in predicted LFI values, sows were still more 
likely to have a DEV occur during the hotter summer months.  Increasing temperatures can 
reduce sow activity and appetite which may have caused intake to be significantly less than 
predicted.  Schinckel et al. (2010) classified a transient reduction as 2 consecutive days of 
lactation during which intake was 1.6 residual standard deviations from predicted LFI, and 
reported incidences occurred at the greatest rate during late lactation in the summer months.   
 The total number of DEV which occurred during lactation ranged from 0 to 12 in 
purebred sows and 0 to 14 in F1 sows.  A DEV did not occur in 60 % of lactations, 18 % of 
lactations had 1 DEV, and 22 % had ≥ 2 DEV.  Total number of DEV, within a lactation, 
were categorized as 0, 1, 2, 3, 4, and ≥ 5 occurrences and the frequency of each category of 
DEV by PG and season for purebred and F1 sows is reported in Table 4.  During the summer 
season, purebred sows had fewer lactation periods with 0 DEV and F1 sows had a greater 
proportion of lactations with ≥ 5 DEV.  The high percentage of daily DEV which occurred 
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during the summer were likely due to the occurrence of multiple DEV caused by sows being 
less active and having decreased appetite.         
Effect of DEV on reproductive performance 
 Inadequate intake during lactation has been reported to negatively affect reproductive 
performance.  Eissen et al. (2003) reported that increasing ADFI during lactation was 
associated with up to a 0.19 kg/day increase in average daily litter weight gain and a 
significant reduction in body reserve loss during lactation.  Reduced ADFI during lactation 
resulted in lighter weaning weights and longer wean-to-first-service intervals (Koketsu and 
Dial, 1997) and greater incidence of culling (Knauer et al., 2010).  Sows that consumed ≤ 3.5 
kg/day during the first 2 weeks of lactation had a significantly greater likelihood of being 
removed from the breeding herd after weaning than sows which consumed at least 3.5 kg/day 
(Anil et al., 2006).  It is evident that reduced intake affects performance, but inadequate 
intake during a single day of lactation can negatively affect performance as well.  Koketsu et 
al. (1996a) categorized a decrease in LFI of at least 1.8 kg from a previous peak intake which 
remained at that level for at least 2 days of lactation as a major decrease.  Sows with a major 
decrease in intake weaned litters that were 2.0 kg lighter than sows that did not have a major 
decrease in LFI during lactation.  However, this measure of inadequate intake could be 
related to an abnormally high peak in intake rather than the level of intake that a sow should 
have.  Utilizing the same dataset for purebred and F1 sows as the present study, Yoder et al. 
(2012) found that an increase in variation from predicted LFI values resulted in lower LW21 
and longer WTSI.  Schinckel et al. (2010) defined a transient reduction as daily LFI which 
was inadequate for 2 or more consecutive days.  Though the relationship between a transient 
reduction in LFI and performance was not reported, the incidence of a transient reduction 
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was related to significantly lower ADFI during lactation which was related to a reduction in 
performance.  Inadequate overall intake can significantly affect performance; in the present 
study inadequate intake was evaluated on a daily basis, independent of LFI during other days 
of lactation.  A DEV occurred when the observed LFI value was significantly less than the 
predicted daily LFI value (SR ≤ -1.71).  A DEV could occur on any day of lactation and 
multiple DEV could occur throughout lactation.  The effect of number of negative deviations 
from predicted LFI values in purebred sows, and negative deviations from predicted LFI 
values in F1 sows on reproductive performance is reported in Tables 5 and 6, respectively.  
In purebred and F1 sows, LW21 was heaviest when 0 DEV occurred.  Adjusted 21-day litter 
weaning weight decreased as the number of DEV during lactation increased, though LW21 
remained consistent when ≥ 2 DEV occurred during lactation in purebred litters and ≥ 4 DEV 
occurred in F1 litters.  In F1 sows, WTSI only increased when ≥ 5 DEV occurred during 
lactation, while in purebred sows WTSI was not affected (P < 0.05) until at least 4 DEV had 
occurred, though practically the differences were negligible.  Intuitively, ADFI decreased as 
more DEV occurred.  However, WTSI was not affected until at least 4 and 5 DEV had 
occurred during lactation in purebred and F1 sows, respectively.  Feed intake and body 
reserves are the only sources of nutrients available for maintenance and milk production 
throughout lactation, and the level of one directly affects the other (Ball et al., 2008).  When 
LFI was inadequate, LW21 decreased and it was likely that body reserves were needed to 
meet the needs of the litter and for sow maintenance, though body composition changes were 
not measured in the present study to confirm this assumption.  Once body reserves were 
mobilized to compensate for the sow’s inadequate lactation feed intake, it was likely that 
sufficient nutrients were provided to the litter to maintain growth rate and limit the decrease 
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in LW21.  Consequently, the use of body reserves by the sow to maintain productivity of the 
litter may have resulted in a longer WTSI. 
 Incidences of DEV during some periods of lactation affect performance more 
significantly than during other periods.  In purebred sows, LW21 and WTSI were not 
affected by the number of DEVPB1, and WTSI was not affected by DEVC1 in F1 sows.  
However, when at least 4 DEVC1 occurred LW21 decreased.  The number of DEVPB2 
occurrences in purebred sows did not affect WTSI (P > 0.05), but LW21 was reduced (P < 
0.01) when at least 1 DEVPB2 occurred.  In purebred and F1 sows, when a DEVPB3 or 
DEVC2 occurred, LW21 was significantly lighter than when 0 DEV occurred, but when at 
least 2 DEVPB3 or DEVC2 occurred, LW21 was unchanged.  A DEV during PB3 or C2 in 
purebred or F1 sows, respectively, only resulted in longer (P < 0.01) WTSI when at least 2 
DEVPB3 or DEVC2 occurred.  The occurrence of a DEV in late lactation was associated (P 
< 0.01) with a greater reduction in LW21 and longer WTSI than a DEV which occurred 
during early (PB1 or C1) or mid-lactation (PB2).  As piglets continued to get heavier in late 
lactation (PB3 or C2), demands on the sow to provide nutrients to the litter increased and 
predicted LFI values increased to meet those requirements.  A significant deviation from 
predicted LFI values reduced available nutrients, likely requiring sows to utilize body 
reserves to stabilize LW21, which may have caused WTSI to be longer.  Variation from 
predicted LFI values during late lactation was associated with a significantly greater decrease 
in LW21 than variation during early lactation (Yoder et. al., 2012), and reduced intake during 
mid and late lactation has been shown to be associated with lower luteinizing hormone pulse 
and frequency which caused longer WTSI (Koketsu et al., 1996b).  Similarly, Koketsu et al. 
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(1997) reported increased ADFI during week 2 and 3 of lactation had a greater effect on 
LW21 and WTSI than ADFI during the first week of lactation. 
 When LFI was inadequate in the present study, LW21 was significantly lighter, 
though the reduction in LW21 subsided after multiple DEV had occurred.  This was likely 
due to the utilization of body reserves to compensate for reduced nutrient consumption.  
Consequently, when body reserves were mobilized WTSI increased.  In both purebred and 
F1 sows, a DEV in early lactation had limited impact on reproductive performance.  
However, a DEV in mid or late lactation was associated with significantly lighter LW21 and 
longer WTSI.  Maintaining LFI near predicted values is important for providing sufficient 
nutrients for litter gain while limiting mobilization of the sow’s body reserves. 
Effect of variation from predicted LFI values on LFI in subsequent days   
Schinckel et al. (2010) estimated transient reductions from predicted LFI as 2 
consecutive days during which LFI was inadequate.  Significant reductions in intake during 
consecutive days of lactation indicates that insufficient intake during a single day of lactation 
would increase the likelihood for reduced intake the next day.  In the present study, logistic 
regression was used to estimate the odds that a DEV would occur the day after a DEV had 
occurred, rather than following a day when adequate intake occurred.  Odds of a DEV 
occurring were 8.7 times (95% CI: 8.0 – 9.5) higher in purebred sows and 39.5 times (95% 
CI: 36.9 – 42.2) higher in F1 sows when a DEV occurred the previous day than if the sow 
had adequate LFI the previous day.  A single DEV affected performance and the occurrence 
of multiple DEV during lactation had an even greater effect on performance.  Consequently, 
the occurrence of a DEV increased (P < 0.05) the odds that a subsequent DEV would occur 
the following day, intensifying the need to monitor a sow’s intake relative to predicted LFI 
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values during each day of lactation.  Many environmental challenges may play a role in 
causing a DEV including illness, heat, or humidity related stress.  Those challenges are likely 
to affect LFI for consecutive days, increasing the likelihood of multiple DEV.  Limiting the 
occurrences of a DEV should decrease the likelihood that multiple DEV would occur and 
improve the likelihood that maximum performance would be achieved.    
  Odds that a DEV would occur the day after observed LFI was less than the predicted 
LFI value (SR < 0) were estimated as odds-ratios with a 95% confidence interval.  Odds of a 
DEV occurring were 3.8 times (95% CI: 3.5 – 4.1) higher in purebred sows and 4.7 times 
(95% CI: 4.5 – 5.1) higher in F1 sows when SR was < 0 the previous day rather than after a 
day when SR was ≥ 0.  When intake met or exceeded predicted LFI values, a DEV was less 
likely to occur the following day.  Thus, feeding sows based on predicted LFI values 
provides a management tool which may allow for a reduction in number of negative 
deviations from predicted LFI values. 
 Feeding sows to appetite allows managers the opportunity to provide feed at a level 
that is greater than predicted.  Bergsma et al. (2009) suggested that overeating would result in 
a major drop in feed intake during subsequent days of lactation because the sow satisfied her 
need for intake earlier in lactation.  In the present study a POS (SR ≥ 1.71) was considered a 
significant positive deviation from predicted LFI values and represented a day in which a 
sow consumed at least 1.9 kg more than the predicted daily LFI value.  Purebred sows were 
2.4 times (95% CI: 1.7 – 3.4) less likely to have a DEV the day after a POS occurred, and F1 
sows were 3.0 times (95% CI: 2.4 – 3.9) less likely to have a DEV following a POS.  Odds of 
intake exceeding predicted LFI values (SR > 0) were 4.4 (95% CI: 3.8 – 5.2) and 9.2 times 
(95% CI: 8.2 – 10.4) higher when a POS occurred the previous day than when a POS had not 
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occurred, in purebred and F1 sows, respectively.  Observed intake greater than predicted 
values had a positive effect on intake the following day.  Following a POS, intake was not 
reduced in purebred and F1 sows, and LFI was likely to exceed the predicted LFI value in 
subsequent days.  Feeding sows to appetite, even when it exceeds predicted LFI values, did 
not cause a reduction in intake during subsequent days of lactation in the present study.  
However, with high feed costs, feeding sows above predicted values, or optimal level, may 
not be economically beneficial if continual improvement in litter performance does not 
accompany the additional intake. 
 Predicting daily LFI values for sows can improve the efficiency of feeding throughout 
lactation.  Feeding sows based on predicted LFI values can reduce the odds of a DEV 
occurring during lactation which would help to maximize performance.  Reducing the 
number of DEV and days when LFI is less than predicted should reduce the likelihood that 
multiple DEV would occur.  In the present study, providing feed in amounts greater than 
predicted LFI values when a sow’s appetite allows did not cause a reduction in subsequent 
daily intake, or increase the likelihood of a DEV occurring. 
Effect of DEV on subsequent periods of lactation 
 An increase in variation from predicted LFI values during early lactation was 
associated with increased variation from predicted LFI in mid and late lactation periods in 
purebred and F1 sows (Yoder et al., 2012).  In the present study, DEV during each period of 
lactation were categorized as binary traits (BINDEV): no DEV (0) or at least 1 DEV (1).  
Odds that a BINDEV would occur during late lactation, after a BINDEV had occurred in 
early lactation, were estimated as odds-ratios and reported with a 95% confidence interval.  
Purebred sows were 2.9 times (95% CI: 2.2 – 3.7) more likely to have a BINDEV occur 
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during days 7 to 10 of lactation and 1.6 times (95% CI: 1.2 – 2.0) less likely to have a 
BINDEV occur during days 11 to 18 when a BINDEV occurred during day 1 to 6 of lactation 
than when no BINDEV had occurred during days 1 to 6 of lactation.  Odds of a BINDEV 
during PB3 occurring were 2.4 times (95% CI: 1.9 – 3.0) higher when a BINDEV during 
PB2 had previously occurred.  Odds of a BINDEV during C2 occurring after a BINDEV 
during C1 occurred in F1 sows were 3.1 times (95% CI: 2.4 – 4.0) higher than when a 
BINDEV during C1 had not occurred.  Sows which had at least one DEV during early 
lactation were more likely to have a DEV during subsequent periods of lactation.  The 
occurrence of a BINDEV during days 1 to 6 of lactation in purebred sows had little effect on 
the odds of a BINDEV during days 11 to 18 of lactation occurring, likely because of the time 
number of days between periods of lactation.  The odds of a subsequent BINDEV occurring 
were greater when they were measured during periods of lactation in close proximity to the 
time the first BINDEV occurred.  The more time a sow had after a DEV occurred, the more 
likely she was able to regain an adequate LFI level.  Feeding sows based on predicted daily 
LFI values should reduce the occurrence of DEV during all periods of lactation, thus limiting 
potential reductions in performance.   
Conclusion 
Lactation feed intake plays a significant role in preweaning growth of the litter and 
the sow’s ability to remain in the breeding herd.  Management of sows during lactation, 
especially feeding methods and feed intake, significantly affects these measures of success.  
Feeding sows based on daily predicted lactation feed intake values may be an effective 
management tool to minimize negative deviations from predicted values and to maximize 
sow performance.  Sows that did not have a negative deviation from predicted lactation feed 
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intake values weaned heavier litters, and litter weaning weight decreased as the number of 
negative deviations increased.  It was likely that body reserves were mobilized to compensate 
for inadequate LFI and maintain the growth of the litter, though body composition changes 
were not measured in the present study to validate this assumption.  The effect of additional 
negative deviations from predicted values was likely marginalized by the mobilization of 
body reserves, which also affected the sow’s ability to quickly re-breed. Unfortunately, when 
a negative deviation did occur the odds that multiple negative deviations would occur greatly 
increased.  Similarly, when a negative deviation occurred during early lactation, odds were 
greater that a negative deviation would occur during late lactation.  Negative deviations from 
predicted LFI values had a greater effect on litter weaning weight and wean-to-first-service 
interval when they occurred during late lactation.  Results were specific to the management 
methods and population observed in the present study and should be evaluated across the 
industry.  Managing sows during lactation continues to be an essential component of a sow’s 
productivity, and feeding sows with the intention of meeting predicted lactation feed intake 
levels should reduce the occurrence of DEV and maximize reproductive performance.  
Further research is needed to estimate the relationship between negative deviations from 
predicted LFI and subsequent litter performance and sow lifetime performance.             
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Table 1. Description of negative deviations from predicted lactation feed intake categorized as the number of occurrences during 
each period of lactation and throughout an entire lactation in purebred and F1a litters. 
Trait Description 
DEVPB Total number of negative deviations from observed intake (SR < -1.71) throughout lactation in purebred 
sows, classified into 6 categories: 0, 1, 2, 3, 4, and ≥5. 
DEVC Total number of negative deviations from observed intake (SR < -1.71) throughout lactation in F1 sows, 
classified into 6 categories: 0, 1, 2, 3, 4, and ≥5. 
DEVPB1 Number of negative deviations from observed intake (SR < -1.71) which occurred during day 1 to 6 of 
lactation in purebred sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
DEVPB2 Number of negative deviations from observed intake (SR < -1.71) which occurred during day 7 to 10 of 
lactation in purebred sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
DEVPB3 Number of negative deviations from observed intake (SR < -1.71) which occurred during day 11 to 18 
of lactation in purebred sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
DEVC1 Number of negative deviations from observed intake (SR < -1.71) which occurred during day 1 to 5 of 
lactation in F1 sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
DEVC2 Number of negative deviations from observed intake (SR < -1.71) which occurred during day 6 to 18 of 
lactation in F1 sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
a  F1 females are Yorkshire x Landrace or Landrace x Yorkshire reciprocal F1 crosses.   
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Table 2. P-values for fixed effects and covariates included in models to evaluate the effect of DEV on reproductive performance and ADFI 
during lactation in purebred and F1 populations. 
Modelsa using purebred data 
 Fixed Effectsc  Covariatesd 
Itemb Breed PG Season LL DEVPB1 DEVPB2 DEVPB3 DEVPB  LS WW 
LW21   < 0.01  0.16 0.07 < 0.01     
LW21   < 0.01     < 0.01    
WTSI 0.38 < 0.01 0.05 0.19 0.57 0.41 0.11    0.52 
WTSI 0.42 < 0.01 0.03 0.15    0.22   0.52 
ADFIPB < 0.01 < 0.01 < 0.01  < 0.01 < 0.01 < 0.01   < 0.01  
ADFIPB < 0.01 < 0.01 < 0.01     < 0.01  < 0.01  
Modelsa using F1e data 
 Fixed Effectsc  Covariatesd 
Itemb PG Season LL DEVC1 DEVC2 DEVC  LS WW 
LW21  < 0.01  0.17 < 0.01     
LW21  < 0.01    < 0.01    
WTSI < 0.01 < 0.01 < 0.01 0.27 0.11    < 0.01 
WTSI < 0.01 < 0.01 < 0.01   0.06   < 0.01 
ADFIC < 0.01 0.02  < 0.01 < 0.01   0.01  
ADFIC < 0.01 0.02    < 0.01  0.02  
a All models included random effects of contemporary group (herd-year-month), dam, and sire nested within breed.  
b LW21: adjusted 21 day litter weight; WTSI: wean-to-first-service interval; ADFIP: average daily feed intake during lactation in purebred 
populations; ADFIC: average daily feed intake during lactation in the F1 litters. 
c PG: parity group; Season: Winter: December, January and February; Spring: March, April and May; Summer: June, July and August; Fall: 
September, October and November; LL: lactation length; DEVPB1: Number of DEV from day 1 to 6 in purebred litters; DEVPB2: Number of 
DEV from day 7 to 10 in purebred litters; DEVPB3: Number of DEV from day 11 to 18 in purebred litters; DEVPB; Number of DEV during 
lactation in purebred litters; DEVC1: Number of DEV from day 1 to 5 in F1 litters; DEVC2: Number of DEV from day 6 to 18 in F1 litters; 
DEVC Number of DEV during lactation in F1 litters. 
d LS: litter size after cross fostering; WW: unadjusted litter weaning weight. 
e F1 females are Yorkshire x Landrace or Landrace x Yorkshire reciprocal F1 crosses. 
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Table 3. Description of negative deviations from predicted lactation feed intake during periods of lactation, characterized as binary 
variables, used in logistic regression analyses. 
Trait Description 
BINDEVPB1a The occurrence of 1 DEV (1) or 0 DEV (0), categorized as a binary variable, during day 1 to 6 of 
lactation in purebred sows. 
BINDEVPB2a The occurrence of 1 DEV (1) or 0 DEV (0), categorized as a binary variable, during day 7 to 10 of 
lactation in purebred sows. 
BINDEVPB3a The occurrence of 1 DEV (1) or 0 DEV (0), categorized as a binary variable, during day 11 to 18 of 
lactation in purebred sows. 
BINDEVC1a The occurrence of 1 DEV (1) or 0 DEV (0), categorized as a binary variable, during day 1 to 5 of 
lactation in F1 sows. 
BINDEVC2a The occurrence of 1 DEV (1) or 0 DEV (0), categorized as a binary variable, during day 6 to 18 of 
lactation in F1 sows. 
a Categorized as a binary variable based on whether at least 1 DEV occurred (1) or none occurred (0) during the period of lactation 
for utilization in logistic regression models.  
b  F1 females are Yorkshire x Landrace or Landrace x Yorkshire reciprocal F1 crosses.  
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Table 4.  Frequency of DEVf during lactation by parity group and season for purebred and F1e parity records. 
Frequency of DEVf in purebred parity records 
 Parity Groupb:  Seasonc:  Totald: 
Itema 1 2 3 4  Winter Spring Summer Fall  Total 
0 419 442 359 849  530 542 443 554  2069 
1 176 163 127 413  203 229 250 197  879 
2 96 78 81 168  103 103 139 78  423 
3 38 28 37 81  39 40 68 37  184 
4 25 28 19 44  26 28 41 21  116 
≥ 5 25 22 13 53  22 23 42 26  113 
Totald 779 761 636 1608  923 965 983 913  3784 
Frequency of DEVf in F1 parity records 
 Parity Groupb:  Seasonc:   
Itema 1 2 3 4  Winter Spring Summer Fall  Total 
0 766 785 696 2083  987 970 959 1414  4330 
1 261 227 156 425  183 306 305 275  1069 
2 139 103 86 258  90 161 187 148  586 
3 74 92 58 181  42 117 137 109  405 
4 38 36 35 99  26 64 59 59  208 
≥ 5 52 55 55 147  50 92 127 65  309 
Totald 1330 1298 1086 3218  1378 1710 1774 2070  6932 
a  Total number of DEV categorized by number of occurrences during an entire lactation period, 0, 1, 2, 3, 4, and  ≥5. 
b  Parities were categorized into groups: parity 1, 2, 3, and ≥ 4, based on differences in ADFI between parities. 
c  Season: Winter: December, January and February; Spring: March, April and May; Summer: June, July and August; Fall: 
September, October and November.  
d Total number of lactation periods corresponding to each DEV category, parity group, or season within purebred and F1 
populations.  
e  F1 females are Yorkshire x Landrace or Landrace x Yorkshire reciprocal F1 crosses. 
f  Negative deviation from predicted daily LFI value, SR ≤ -1.71. 
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Table 5. Least squares means (± SE) for reproductive performance and ADFI by number of 
negative deviations within each period of lactation and throughout lactation in purebred 
sows. 
Item* LW21x WTSIy ADFIz 
DEVPB1:    
0 78.6 ± 0.9a 5.6 ± 0.1a 5.3 ± 0.1c 
1 79.7 ± 1.0a 5.6 ± 0.1a 5.0 ± 0.1b 
2 80.5 ± 1.5a 5.7 ± 0.2a 4.8 ± 0.1a 
3 81.8 ± 2.3a 5.6 ± 0.3a 4.7 ± 0.2a 
≥ 4 79.1 ± 2.3a 5.2 ± 0.3a 4.6 ± 0.2a 
DEVPB2:    
0 81.9 ± 0.9b 5.5 ± 0.1a 5.6 ± 0.1d 
1 80.8 ± 1.0a 5.4 ± 0.1a 5.1 ± 0.1c 
2 80.4 ± 1.4a,b 5.6 ± 0.2a 4.8 ± 0.1b 
3 80.4 ± 1.8a,b 5.7 ± 0.2a 4.4 ± 0.1a 
≥ 4 76.2 ± 2.8a 5.5 ± 0.3a 4.4 ± 0.2a 
DEVPB3:    
0 82.5 ± 1.0c 5.4 ± 0.1a 5.6 ± 0.1e 
1 80.6 ± 1.0b 5.5 ± 0.1a 5.2 ± 0.1d 
2 79.7 ± 1.1a,b 5.6 ± 0.1a,b 4.9 ± 0.1c 
3 78.4 ± 1.4a 5.7 ± 0.2b 4.7 ± 0.1b 
≥ 4 78.6 ± 1.4a,b 5.5 ± 0.2a,b 4.1 ± 0.1a 
DEVPB:    
0 83.3 ± 0.5c 5.5 ± 0.1a,b 6.7 ± 0.1f 
1 81.8 ± 0.5b 5.5 ± 0.1a 6.4 ± 0.1e 
2 81.2 ± 0.6a,b 5.5 ± 0.1a,b 6.0 ± 0.1d 
3 80.6 ± 0.9a,b 5.6 ± 0.1a,b 5.8 ± 0.1c 
4 79.2 ± 1.0a 5.7 ± 0.1b 5.4 ± 0.1b 
≥ 5 79.5 ± 1.0a 5.6 ± 0.1a,b 4.9 ± 0.1a 
* DEVPB1: Number of negative deviations from observed intake which occurred during day 
1 to 6 of lactation in a purebred lactation period; DEVPB2: Number of negative deviations 
from observed intake which occurred during day 7 to 10 in a purebred lactation period; 
DEVPB3: Number of negative deviations from observed intake which occurred during day 
11 to 18 in a purebred lactation period; DEVPB: Total number of negative deviations from 
observed intake which occurred during a purebred lactation period. 
a-f Least squares means within column and period of lactation with different superscripts were 
significantly different (P < 0.05). 
x Adjusted 21-day litter weaning weight (kg). 
y Wean-to-first-service interval (day). 
z Average daily feed intake during entire lactation period (kg/day). 
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Table 6. Least squares means (± SE)for reproductive performance and ADFI by number of 
negative deviations within each period of lactation and throughout lactation in F1f sows. 
Item* LW21x WTSIy ADFIz 
DEVC1:    
0 81.1 ± 0.5b 5.1 ± 0.1a 6.2 ± 0.1c 
1 82.0 ± 1.0b 5.2 ± 0.1a 5.8 ± 0.1b 
2 83.0 ± 1.7b 5.3 ± 0.2a 5.9 ± 0.1b 
3 81.2 ± 2.1a,b 5.1 ± 0.2a 6.0 ± 0.2b,c 
≥ 4 77.9 ± 1.7a 5.3 ± 0.2a 7.9 ± 0.1a 
DEVC2:    
0 82.6 ± 0.8c 5.1 ± 0.1a 7.1 ± 0.1e 
1 81.8 ± 0.8b 5.1 ± 0.1a 6.6 ± 0.1d 
2 80.7 ± 0.9a 5.2 ± 0.1a,b 6.3 ± 0.1c 
3 80.5 ± 1.0a 5.2 ± 0.1a,b 6.1 ± 0.1b 
≥ 4 79.6 ± 0.9a 5.3 ± 0.1b 5.6 ± 0.1a 
DEVC:    
0 82.8 ± 0.5d 5.0 ± 0.1a 7.0 ± 0.1e 
1 82.0 ± 0.6c 5.0 ± 0.1a 6.4 ± 0.1d 
2 81.3 ± 0.6b,c 5.1 ± 0.1a,b 6.2 ± 0.1c 
3 80.8 ± 0.7b 5.1 ± 0.1a,b 6.0 ± 0.1b 
4 79.5 ± 0.9a 5.1 ± 0.1a,b 6.0 ± 0.1a,b 
≥ 5 79.6 ± 0.8a 5.2 ± 0.1b 5.5 ± 0.1a 
* DEVC1: Number of negative deviations from observed intake which occurred during day 1 
to 5 during lactation in a F1 lactation period; DEVC2: Number of negative deviations from 
observed intake which occurred during day 6 to 18 in a F1 lactation period; DEVC: Total 
number of negative deviations from observed intake which occurred during a F1 lactation 
period. 
a-e Least squares means within column and period of lactation with different superscripts 
were significantly different (P < 0.05). 
x Adjusted 21-d litter weaning weight (kg). 
y Wean-to-first-service interval (day). 
z Average daily feed intake during entire lactation period (kg/day). 
f  F1 females are Yorkshire x Landrace or Landrace x Yorkshire reciprocal F1 crosses. 
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CHAPTER 5.  RELATIONSHIP BETWEEN LACTATION FEED INTAKE AND 
DEVIATIONS FROM PREDICTED LACTATION FEED INTAKE WITH 
SUBSEQUENT REPRODUCTIVE PERFORMANCE IN PUREBRED AND F1 
SOWS 
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Abstract 
Daily lactation feed intake (LFI) records (n = 10716 parity records) from purebred 
Yorkshire, purebred Landrace, and reciprocal cross F1 females were used to predict daily 
LFI values with a mixed model which included fixed effects for breed, season, parity 
group, day of lactation, interactions of day with breed and parity group, and a covariate 
for litter size. Random effects of litter, contemporary group (herd-year-month), dam, and 
sire nested within breed were included. Deviations from predicted LFI values were 
quantified using an internally studentized residual (SR). A SR ≤ -1.71, 1.92 kg less than 
predicted, was considered a negative deviation (DEV).  Subsequent parity records (n = 
5313) were available from purebred Landrace (n = 1404), purebred Yorkshire (n = 996), 
and F1 (n = 2913) females.  Fifty-eight percent of the subsequent parity records included 
zero DEV, 18 % had 1 DEV, and 24 % had ≥ 2 DEV during the previous lactation.  In  
1 Department of Animal Science, Iowa State University, Ames, IA, U.S. 50011 
2 The Maschhoffs, Carlyle, IL, U.S. 62231 
3 National Swine Registry, West Lafayette, IN, U.S. 47906 
4 Tempel Genetics, Gentryville, IN, U.S. 47537 
5 Correspondence: 109 Kildee Hall, Iowa State University, Ames, IA 50011 (phone: 515-
294-6728; fax: 515-294-5698; E-mail: tjbaas@iastate.edu) 
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purebred sows, subsequent NBA was lower when ≥ 5 DEV had occurred during the 
previous lactation, though there was no evidence of an effect on NBA (P > 0.05) by DEV 
in F1 sows.  The number of DEV during the previous lactation did not affect (P > 0.05) 
subsequent NSB in purebred sows, but NSB significantly increased when ≥ 3 DEV 
occurred in F1 sows. Metrics of the LFI curve in purebred and F1 sows did not affect NSB 
in the subsequent lactation, but a linear increase in average daily intake in purebred sows 
was associated with more NBA (P < 0.05) in the subsequent parity.  Odds that a DEV 
would occur during the subsequent lactation were evaluated using logistic regression.  
Purebred sows were 1.02 (P = 0.85) times more likely to have at least 1 DEV occur in the 
subsequent lactation and F1 sows were 1.13 (P = 0.25) times less likely to have a DEV 
occur during the subsequent lactation if at least 1 DEV occurred during the previous 
lactation.  In the present study, lactation feed intake metrics and DEV during lactation had 
a limited effect on subsequent litter performance and subsequent LFI in purebred and F1 
sows.  
Key words: feed intake, lactation, pig, litter size 
Introduction 
Genetic selection for maternal productivity has resulted in larger litters with 
heavier weaning weights, consequently increasing the need for sows to provide more 
nutrients during lactation (Auldist et al., 1998).  During lactation, feed intake and body 
reserves are the only nutrient sources available to the sow for maintenance and milk 
production (Ball et al., 2008).  However, lactation feed intake (LFI) is frequently 
inadequate and does not meet the nutrient requirements of the litter, which results in 
mobilization of body reserves to maintain milk production (Noblet et al., 1990).  When 
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body reserves are mobilized during lactation, body weight, backfat depth, luteinizing 
hormone level and pulse frequency decrease (Koketsu et al., 1998).  Changes in body 
composition due to body reserve mobilization and the endocrine status of the sow are 
associated with a longer wean-to-first-service interval (WTSI) which can negatively affect 
reproductive performance in the subsequent lactation.  Sows which mobilized the most 
body reserves during lactation had lower farrowing rates, and smaller litter sizes in the 
subsequent lactation (Thaker et al., 2005), and longer WTSI negatively affected farrowing 
rate and subsequent litter size (Tantasuparuk et al., 2000b; Poleze et al., 2006).  
Inadequate LFI can cause body reserves to be mobilized and change the endocrine status 
of the sow which affects subsequent reproductive performance.  When LFI was restricted, 
luteinizing hormone and follicular stimulating hormone levels decreased (Baidoo et al., 
1992), which resulted in fewer and smaller follicles (Quesnel et al., 1998; Clowes et al., 
2003) and consequently, lower ovulation rates (van den Brand et al., 2000).  The limiting 
factor for potential litter size in subsequent lactations is embryo survival rather than 
ovulation rate (Willis et al., 2003).  Embryonic survival was higher when LFI was not 
restricted (Kirkwood et al., 1987), and an increase in average daily feed intake during 
lactation (ADFI) resulted in larger litter sizes during subsequent lactations (Koketsu et al., 
1996).  Lactation feed intake not only affects growth of the current litter and body 
condition of sows, but also affects reproductive performance in the subsequent lactation.  
However, the relationship of daily LFI with subsequent litter performance needs to be 
evaluated further.  The objectives of this study were to quantify the effect of negative 
deviations from predicted LFI values and metrics of the LFI curve on subsequent 
reproductive performance in purebred and F1 sows. 
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Materials and methods 
Animals and data collection 
 Daily lactation feed intake records (LFI) on 10716 parity records were collected 
from purebred Yorkshire (n = 1587 parity records), purebred Landrace (n = 2197 parity 
records), and Landrace x Yorkshire and Yorkshire x Landrace (n = 6932 parity records) 
F1 sows.  Data were recorded from sows in 3 production units representing a nucleus, 
multiplier, and commercial farm within the same genetic flow from January 2007 through 
March 2011.  Parity records from sows of parity greater than 10 and parity records with 
lactation length (LL) less than 15 days or more than 25 days were removed from the data 
set.  The distribution of lactation records by parity, season, and LL in purebred and F1 
sows were reported by Yoder et al. (2012). 
Collection of daily LFI records began post farrowing on sows housed in individual 
stalls in a totally enclosed, confinement environment.  Purebred sows were hand fed 5 
times per day and F1 sows were hand fed 2 times per day.  Remaining feed was estimated 
the following morning and subtracted from the previous day’s total to calculate daily LFI 
values.  Sows were fed to appetite throughout lactation with increasing feed availability 
when all feed disappeared from the previous feeding.  Number of pigs born alive (NBA) 
and number of stillborn pigs (NSB) were recorded after parturition.  Litter size (LS) was 
recorded as number of pigs nursing after cross-fostering (within 24-hours post farrowing) 
occurred.  Number of pigs weaned and litter weaning weight were recorded at time of 
weaning.  Wean-to-first-service interval (WTSI) was recorded on sows that remained in 
the breeding herd. 
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Statistical analysis 
Predicted daily LFI values in purebred and F1 sows were estimated with a mixed 
model using the HPMIXED procedure in SAS (SAS Inst. Inc., Cary, NC).  Due to a 
relatively low number of daily LFI observations at the end of lactation (> 22 days), day 1 
through 22 of lactation were used daily LFI value prediction.  The model for observed 
daily LFI included fixed effects of breed, season, parity group (PG), day of lactation, 
interactions of day of lactation with breed and PG, and a covariate for LS.  Random 
effects were litter, contemporary group (herd-year-month), dam, and sire nested within 
breed.  Parity was initially included as a fixed effect; however, there were no significant 
differences (P > 0.05) in daily LFI values after parity 4 and the final prediction model 
included 4 parity groups: 1, 2, 3 and ≥ 4.   
Lactation feed intake curves were classified into significant periods of intake based 
on the rate of change in intake between 2 consecutive days throughout lactation.  
Difference in intake between 2 consecutive days was analyzed utilizing the same mixed 
model for prediction of daily LFI values.  Contrast of LS means for day-to-day change in 
intake resulted in classification of the LFI curve into different periods for purebred and F1 
populations, though Yorkshire and Landrace LFI curves were not different (P > 0.05).  
Evaluation of day-to-day change resulted in the following classifications: 3 periods for 
purebred lines, day 1 to 6 (PB1), day 7 to 10 (PB2), day 11 to 18 (PB3); and 2 periods for 
F1 sows, day 1 to 5 (C1) and day 6 to 18 (C2).  Refer to Yoder et al. (2012) for a detailed 
explanation of the analyses for daily LFI value prediction and LFI period classification. 
Several metrics were used to describe the LFI curves in purebred and F1 sows by 
Yoder et al. (2012).  Metrics were classified as average daily rate of change in intake 
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(ARC) from the first day of each period of lactation to the last day of that period, average 
daily intake (ADI), and the coefficient of variation (CV) of daily observed LFI values 
from predicted daily LFI values (VAR) for each period of lactation.  Variation metrics 
were estimated as the standard deviation of the difference in daily observed LFI values 
from daily predicted LFI values divided by mean observed LFI during the corresponding 
period of lactation.  A value was calculated for each metric for the length of lactation and 
for each period of lactation.  A complete description of LFI metrics evaluated during each 
period of lactation is listed in Table 1.  Analyses involving LFI metrics specific to 
different periods of lactation were conducted separately for purebred and F1 populations.   
Quantifying negative deviations from predicted LFI values 
 Internally studentized residuals (SR) were produced by the HPMIXED procedure 
in SAS (SAS Inst. Inc., Cary, NC) corresponding to each predicted daily LFI value (n = 
195656).  Studentized residuals are residual values converted to a scale representing the 
approximate standard deviation of an individual residual from the center of the residual 
distribution.  Studentized residuals are normally distributed around a mean of 0 with 
standard deviation of 1 to more clearly identify outliers (Jongenelen et al., 1988).  Yoder 
et al. (2013) used SR to detect which observed LFI values varied significantly from their 
respective predicted value utilizing the same dataset as the present study.  In the present 
study, a SR ≤ -1.71 was categorized as a significant negative deviation (DEV) from the 
corresponding predicted LFI value.  A SR ≤ -1.71 accounted for 5.02 % of all daily feed 
intake records, and was equivalent to observed LFI values that were at least 1.92 kg less 
than the predicted value.  Descriptions of DEV categories evaluated during the length of 
lactation and during each period of lactation are listed in Table 2.  Yoder et al. (2013) 
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provided a detailed explanation of analyses used to quantify negative deviations from 
predicted LFI values, and the effect on reproductive performance. 
During lactation a total number of DEV > 5 was rare and when more than 5 DEV 
occurred, reproductive performance was not further affected (P > 0.05).  Thus, DEVPB 
and DEVC were classified into categories based on the total number of DEV: 0, 1, 2, 3, 4 
and ≥ 5 DEV.  Similarly, 5 categories (0, 1, 2, 3, and ≥ 4 DEV) were used for all periods 
of lactation (DEVPB1, DEVPB2, DEVPB3, DEVC1, and DEVC2) as defined in Table 2, 
due to limited number of observations with > 4 DEV during any period of lactation. 
In the present study 5313 parity records were preceded by a lactation for which 
daily LFI, estimated LFI metrics, and the number of DEV were recorded.  Subsequent 
parity records were collected in purebred Landrace (n = 1404), purebred Yorkshire (n = 
996), and F1 females (n = 2913).  The distribution of total number of DEV during the 
previous parity record by PG and season for purebred and F1 sows is reported in Table 3. 
Modeling the effect of DEV and LFI metrics on reproductive performance in the 
subsequent lactation 
  Yoder et al. (2012) reported that LFI metrics, ARC, ADI, and VAR significantly 
affected 21-day litter weaning weight, WTSI, and ADFI in purebred and F1 sows.  Yoder 
et al. (2013) found that 21-day litter weaning weight and WTSI were negatively affected 
as the number of DEV increased.  Both studies utilized the same dataset of purebred and 
F1 daily LFI records as the current study which evaluated the effect of LFI metrics and 
DEV on subsequent litter performance. 
In the present study the relationships between LFI metrics and NBA and NSB in 
the subsequent lactation were evaluated using the HPMIXED procedure in SAS (SAS 
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Inst. Inc., Cary, NC). Separate models were used to evaluate purebred and F1 records due 
to different period classifications for the LFI curve.  The relationships of LFI metrics with 
NBA and NSB in purebred sows were evaluated with mixed models that included fixed 
effects for breed, PG of the subsequent lactation, season in which the subsequent litter was 
farrowed, and lactation length (LL) of the previous lactation.  Lactation lengths were 
categorized into 4 groups based on frequency of occurrence and statistical similarities (P 
> 0.05) in performance: day 15-17, day 18-20, day 21-23, and day 24-25.  The model also 
included covariates for litter weaning weight (WW) from the previous lactation and LFI 
metrics.  Since 3 categories of LFI metrics were quantified during the same periods of 
lactation, separate models were used to evaluate the effect of ARC, ADI, and VAR 
metrics on performance to avoid confounding effects.  All models included contemporary 
group (herd-year-month), dam, and sire nested within breed as random effects.  Models 
for NBA and NSB in F1 sows did not include breed as a fixed effect, since the data 
represented one genetic population and included LFI metrics specific to lactation periods 
in reciprocal cross F1 sows. 
The effect of the number of DEV during lactation on 21-day litter weaning weight 
and WTSI was previously reported by Yoder et al. (2013).  In the present study analyses 
of the effect of number of DEV on NBA and NSB in the subsequent lactation were 
completed using the HPMIXED procedure in SAS (SAS Inst. Inc., Cary, NC).  All models 
included contemporary group (CG), dam, and sire nested within breed as random effects.  
Models that utilized data from purebred sows included fixed effects for breed, PG of the 
subsequent lactation, season in which the subsequent litter was farrowed, LL of the 
previous lactation, and DEVPB in the previous lactation, and a covariate for WW.  Since 
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DEVPB was the sum of DEV over all periods of lactation, a separate model which 
included DEVPB1, DEVPB2, and DEVPB3 as fixed effects in place of DEVPB was used 
to evaluate the effect of DEV during each period of the previous lactation on NBA and 
NSB in the subsequent lactation.  Similar models were used for purebred and F1 
populations, with breed excluded in models involving F1 parity records.  
Modeling the effect of DEV and LFI metrics on LFI in the subsequent lactation 
 Yoder et al. (2012) reported LFI metrics measured during periods in early lactation 
significantly affected the values of LFI metrics measured during periods in late lactation.  
Yoder et al. (2013) reported that sows which had a DEV during early lactation were more 
likely to have another DEV later in lactation.  It was hypothesized that sows which had a 
DEV during lactation would be more likely to have a DEV in the subsequent lactation.  
The GLIMMIX procedure in SAS (SAS Inst. Inc., Cary, NC) was used to estimate the 
odds that at least 1 DEV would occur during the subsequent lactation if at least 1 DEVPB 
or DEVPC had occurred during the previous lactation.  Odds were reported as odds ratios 
with a 95% confidence interval (CI).  The model for DEV during the subsequent lactation 
(DEVSUB) in purebred sows included fixed effects for breed, PG of the subsequent 
lactation, season in which the subsequent litter was farrowed, LL of the previous lactation, 
and DEVPB as a binary event (0 DEVPB or ≥ 1 DEVPB).  Weaning weight of the 
previous litter was included as a covariate and CG, dam, and sire nested within breed were 
included as random effects.  The same model was used to estimate the likelihood of a 
DEVSUB occurring in F1 sows, however breed was excluded in the model and DEVPC 
was included as a binary event instead of DEVPB. 
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 The linear relationships between LFI metrics quantified during lactation and LFI 
metrics recorded during the subsequent lactation were estimated using Pearson correlation 
coefficients (van Erp-van der Kooij et al., 2002).  Only the correlation coefficients 
between the same LFI metric quantified within the same period of lactation during both 
the first and subsequent lactation were reported.    
Results and discussion 
In the present study there were 5313 subsequent parity records collected from 
purebred and F1 sows.  The average NBA in the subsequent parity was 12.2 ± 2.0 and 
average NSB was 0.8 ± 0.6.  Sows had an average parity of 4.2 ± 1.8 when they farrowed 
the subsequent litter.  The average LL during the previous lactation was 18.8 ± 2.0.  Fifty-
eight percent of the subsequent parity records were preceded by zero DEV, 18 % had 1 
DEV, and 24 % had ≥ 2 DEV during the previous lactation.   
Parity, season, lactation length 
 Reproductive performance in subsequent litters is affected by the genetic potential 
of the sow herd, management procedures of the farm, and other environmental factors.  
Among the management and environmental factors that affect performance are parity of 
the sow, season in which the sow farrows and the length of lactation during the previous 
lactation.  Least squares means for NBA and NSB in each season, PG, and LL category 
during the previous lactation in purebred and F1 sows are reported in Table 4.   
 In the present study NBA and NSB were significantly different between PG, 
however the effects were not the same in purebred and F1 sows.  In purebred sows, NBA 
was similar between parities until PG ≥ 5, and NSB increased as PG increased.  The 
opposite occurred in F1 sows; NBA increased as PG increased, and NSB remained 
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consistent and only increased when sows farrowed their fifth litter.  Trends from previous 
studies generally support the results shown for F1 sows.  Koketsu et al. (1997) reported an 
increase in litter size as parity increased up to the third parity.  Tantasupurak et al. (2000a) 
found that total born, NBA, and NSB increased as parity increased, and Kirkwood et al. 
(1988) reported that total born and NBA were lowest in parity 1 sows but increased as 
sows matured.  Increases in litter size as parity increased is a function of the biology and 
capacity of the sow.  Sows continue to grow and mature as they get older, and McGlone et 
al. (2004) reported the physical size of the sows increased linearly with parity until sows 
reached mature size at parity 6.  Capacity to produce and carry large litters, uterine 
capacity, and ovarian productivity increase with the size of the sow which results in larger 
litters in subsequent parities.  These studies involved commercial crossbred sows which 
are similar to F1 sows in the present study.  It is possible that purebred sows don’t 
increase in physical size at the same rate as F1 sows as parity increases resulting in less 
capacity to produce large litters.  Though, it is more likely that NBA remained constant 
due to the increase in NSB as parity increased.  Number of total pigs born increased as 
parity increased, however purebred sows had more NSB which caused NBA to remain at a 
constant value. 
 Reports of seasonal effects on reproductive performance during subsequent 
lactations have varied.  Tantasupurak et al. (2000a) reported fewer total born, fewer NBA, 
and more NSB during the hot months of the year.  However, in the present study NBA and 
NSB in the subsequent lactation were not affected by the season in which the litter was 
farrowed in either purebred or F1 sows.  Results of the present study resemble those 
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reported by Hughes (1998) and Koketsu et al. (1997), who found that season did not affect 
subsequent litter size (P > 0.05).     
 Lactation length during the previous lactation significantly impacted reproductive 
performance in the subsequent litter.  In the present study NBA increased as LL in the 
previous lactation increased in purebred and F1 sows.  However, NSB in purebred sows 
had a tendency to be lower when LL was less than 18 days in length in the previous 
lactation.  In F1 sows NSB was not affected (P > 0.05) by LL during the previous 
lactation.  The longest LL was 25 days in purebred sows and 23 days in F1 sows, so it is 
possible that the optimum LL to improve subsequent reproductive performance may be 
longer than 25 days, however we cannot determine that from these populations.  Results 
from previous studies were similar to those reported in the present study.  Le Cozler et al. 
(1997) reported sows had larger litter sizes when LL was longer during the previous 
lactation.  Koketsu et al. (1998) reported that sows which had longer LL had higher 
luteinizing hormone concentrations and pulse frequencies, which were highly correlated to 
a larger subsequent litter size, when compared to sows which had a shorter LL.  Hays et 
al. (1978) reported that the number of cystic follicles decreased, while the uterine wall, 
myometrium thickness, uterine weight, and size increased as LL increased, which created 
a better environment for embryonic survival.  Willis et al. (2003) reported that survival of 
embryos was the limiting factor for subsequent litter size and increasing LL in the 
previous litter significantly improved embryonic survival.  Though longer LL had resulted 
in larger litter size during the subsequent lactation, there was concern about the reduction 
in lifetime productivity of the sows.  Hoshino et al. (2009) reported that an increase in LL 
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by 1 day would result in 0.08 more pigs per litter in the subsequent lactation and lifetime 
productivity was not affected (P > 0.05).   
 Environment and management can affect the future performance of sows that 
remain in the breeding herd.  Season did not affect NBA or NSB in any of the populations 
in the present study.  However, PG and length of lactation significantly affected 
performance.  Managing the parity distribution of the herd and optimizing the length of 
lactation within a population can maximize a sow herd’s performance. 
Effect of LFI metrics and DEV on subsequent performance 
It had previously been reported by Yoder et al. (2012) that an increase in ARC or 
ADI metrics resulted in higher 21-day litter weaning weights and shorter WTSI in the 
litter which the metrics were measured, while an increase in VAR metrics was associated 
with poorer performance.  Yoder et al. (2013) also reported that increasing number of 
DEV during lactation resulted in lower 21-day litter weaning weights and longer WTSI in 
purebred and F1 sows.  In the present study the effect of LFI metrics and DEV on 
subsequent NBA and NSB were evaluated.  Results from previous studies suggest that 
LFI metrics and DEV during lactation should have an impact on NBA and NSB in 
subsequent litters.   
  Kirkwood et al. (1988) and Koketsu et al. (1996) reported that sows which had 
higher ADFI during the previous lactation had larger litter sizes in the subsequent 
lactation.  Sows that had low levels of LFI mobilized their body reserves to maintain milk 
production, and when body reserves were mobilized body weight, backfat depth, 
luteinizing hormone level, and pulse frequency decreased (Koketsu et al., 1998).  Baidoo 
et al. (1992) found that sows with reduced levels of LFI had lower concentrations of 
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luteinizing and follicle stimulating hormones.  Quesnel et al. (1998) reported reduced 
levels of luteinizing and follicle stimulating hormones, due to reduced levels of LFI, were 
associated with fewer, smaller, and lighter follicles after weaning.  Similarly, Clowes et al. 
(2003) found that sows which had lost the most protein mass during lactation had reduced 
ovarian function.  The reduction in ovarian function resulted in increased embryonic 
death, and Willis et al. (2003) suggested that embryonic survival was the limiting factor in 
subsequent litter size.  Inadequate intake causes body reserves to be mobilized which 
significantly reduced reproductive performance in both the current and subsequent 
lactation.   
The effect of LFI metrics on NBA and NSB in the subsequent lactation in 
purebred and F1 sows are presented in Table 5.  Number born alive in the subsequent 
lactation was not affected (P > 0.05) by a linear increase in any LFI metrics in F1 sows.  
An increase in ADI during any period of lactation in purebred sows was associated with 
more NBA in the subsequent lactation, however an increase in VARPB3 was associated 
with fewer NBA in the subsequent lactation.  Number of stillborn pigs was relatively 
unaffected (P > 0.05) by LFI metrics, though an increase in ADFIPB in purebred sows or 
ADIC2 in F1 sows were associated with a slight increase (P < 0.05) in NSB during the 
subsequent lactation.  The relationship of ADFI with NBA in purebred sows followed the 
same trend as previous studies, though it did not in F1 sows as ARC and VAR did not 
affect subsequent NBA or NSB (P > 0.05) in the present study.  This may be due to 
management of the sows after weaning and in gestation, or subsequent litter performance 
was simply not affected by LFI metrics recorded during the previous lactation in 
populations specific to this study.  The present study also included a large sample size for 
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each LFI metric and may have provided a more accurate estimate of the relationship 
between LFI metrics and subsequent litter performance than in previous studies.     
Least squares means for NBA and NSB in the subsequent lactation by DEV 
category are presented in Table 6 for purebred sows and Table 7 for F1 sows.  
Reproductive performance suffered when multiple DEV occurred during lactation or in a 
single period of lactation in a study by Yoder et al. (2013), and as previous studies have 
shown, inadequate intake negatively affected performance in the subsequent lactation.  In 
the present study the number of DEV during lactation had a minimal effect on NBA and 
NSB in the subsequent lactation.   
In purebred and F1 sows the number of DEV in early lactation, DEVPB1 and 
DEVC1, did not affect NBA or NSB in the subsequent lactation.  In purebred sows NSB 
was not affected (P > 0.05) by the number of DEV during any period of lactation.  
However, NBA in the subsequent lactation was smallest in purebred sows when at least 4 
DEVPB3 occurred, but was not affected by DEV during any other period of lactation.  In 
F1 sows subsequent NBA tended to be lower when 2 DEVC occurred.  The number of 
DEV that occurred during the previous lactation had a minimal effect on NBA and NSB 
and DEV in early lactation had no effect.   
The effect of LFI metrics and number of DEV during the previous lactation was 
not as large on subsequent NBA and NSB as may have been expected based on previous 
studies.  Reproductive performance in the subsequent lactation was more likely affected 
by the amount of body reserves that were mobilized during lactation, though this was not 
recorded in the present study, than the level of LFI or number of DEV.  It is also possible 
that the population involved in this study was capable of circumventing the effects of 
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inadequate intake and limited the mobilization of body reserves, subsequently limiting the 
effect on the sow’s performance in the subsequent lactation.  The genetic capacity of the 
sow accompanied by appropriate management during lactation and after weaning likely 
allowed for the system to limit the effect of inadequate intake. 
Effect of LFI metrics and DEV on subsequent intake 
 Previous reports by Yoder et al. (2012) suggested that LFI metrics recorded during 
early periods of lactation significantly affected the value of LFI metrics in late lactation.  
Yoder et al. (2013) also found that sows were more likely to have a DEV during late 
lactation when at least 1 DEV had occurred during early periods of lactation in purebred 
and F1 sows.  Using the same dataset, it was hypothesized that LFI metrics and number of 
DEV during lactation would significantly affect LFI metrics and the number of DEV in 
the subsequent lactation. 
 In the present study odds were 1.02 times (95% CI: 0.84 – 1.20) higher that 
purebred sows would have at least 1 DEVSUB in the subsequent lactation if at least 1 
DEVPB occurred during the previous lactation.  However, odds of a DEVSUB occurring 
during the subsequent lactation were 1.13 times (95% CI: 0.72 – 1.56) lower in F1 sows 
when at least 1 DEVPC had occurred in the previous lactation.  The likelihood of a 
DEVSUB occurring was not affected (P > 0.05) by the number of DEV that occurred 
during the previous lactation in purebred or F1 sows. 
 Yoder et al. (2013) reported that a DEV was significantly more likely to occur the 
day following a DEV, and a DEV was more likely during late lactation if at least 1 DEV 
occurred earlier in lactation.  However there had been no studies which had evaluated the 
effect of inadequate levels of LFI on LFI levels during the subsequent lactation.  It is a fair 
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assumption that sows which had inadequate intake during lactation would continue to 
have inadequate intake during subsequent lactations, however in the present study that 
was not the case.  A variety of factors can be related to the occurrence of a DEV, 
including season the sow farrowed, parity of the sow, environmental stressors, or an 
illness.  The environment changed due to the time between lactations, and sows that 
farrowed during the heat of the summer would not likely have to deal with the extreme 
heat during the subsequent lactation.  Sows also had time to continue to grow and develop 
capacity for higher levels of LFI.  If a sow was ill during lactation she likely would 
recover prior to the subsequent lactation, and LFI would not have been affected.   
The relationship between LFI metrics in subsequent lactations was quantified 
using Pearson correlation coefficients.  Correlations were measured only between a single 
LFI metric quantified during lactation and the same LFI metric, within the same period in 
the subsequent lactation.  The correlation coefficients for LFI metrics in purebred and F1 
sows are presented in Table 8.  Though all correlations were positive and significantly 
different from zero (P < 0.05), the majority of LFI metrics were lowly correlated between 
consecutive lactations.  In purebred and F1 sows, correlations were the highest between 
ADI metrics, and in F1 sows the correlations between LFI metrics during later periods of 
lactation were stronger.   
 Though no known research has reported the relationship of LFI metrics in 
consecutive studies, several studies have found that LFI in early lactation significantly 
affected LFI measured during late lactation.  Aherne (2001) found that LFI during the first 
week of lactation did not affect the level of LFI during the last 3 weeks of lactation, and 
Moser et al. (1987) reported that sows fed a restricted diet in early lactation were able to 
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reestablish similar levels of LFI as ad libitum-fed sows in late lactation.  A study by Neil 
et al. (1996) reported that higher ARC values in early lactation did not affect ARC during 
late lactation, but the relationship between ADI in early lactation and late lactation was 
significantly higher.   
Feed intake metrics during lactation do not have a significant relationship with 
similar LFI metrics quantified during the subsequent lactation.  A DEV during lactation 
did not directly correspond to a DEVSUB during the subsequent lactation.  Due to the 
time between lactations and the further development of sows as they mature, it is unlikely 
that LFI significantly affects LFI in subsequent lactations. 
Conclusion 
 Previous studies had shown that LFI plays a significant role in subsequent litter 
performance.  In the present study, the relationships between LFI metrics and DEV during 
lactation with NBA and NSB in the subsequent lactation were weak.  The population in 
the present study had been reported to have capacity for high levels of LFI which may 
explain why the levels of LFI did not affect subsequent litter performance.  Management 
of sows during lactation focused on daily LFI which also played a factor in the results of 
the present study.  In previous studies inadequate LFI was associated with significant 
mobilization of body reserves which significantly affected subsequent litter size.  It is 
most likely that subsequent litter performance was more dependent on body reserves than 
LFI levels.  Though changes in body composition were not evaluated in the present study, 
it is likely that sows were able to maintain their body reserves even when LFI was 
inadequate.  The number of DEV during lactation did not affect the number of DEVSUB 
that occurred in subsequent lactation and the relationship between LFI metrics in 2 
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consecutive lactations was generally weak.  However, sows that had higher ADI values 
were more likely to continue that trend in the subsequent lactation.  Due to environmental 
factors and maturation of sows between lactations, it is understandable that the level of 
intake may not continue in subsequent lactations.  It is very likely that the populations in 
the present study with higher LFI values were able to handle multiple DEV and smaller 
LFI metrics without mobilizing body reserves.  Further research is needed to estimate the 
relationship between the level of lactation feed intake and body composition changes 
during lactation and its effect on performance.   
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Table 1. Description of feed intake metrics classified in a study of lactation feed intake.  
Trait Description a 
ARCPB1b Average rate of change in observed intake from days 1 to 6 in purebred litters 
ARCPB2b Average rate of change in observed intake from days 7 to 10 in purebred litters 
ARCPB3b Average rate of change in observed intake from days 11 to 18 or the last day of 
lactation if lactation length < 18 days in purebred litters 
ARCC1b Average rate of change in observed intake from days 1 to 5 in F1 litters 
ARCC2b Average rate of change in observed intake from days 6 to 18 or the last day of 
lactation if lactation length < 18 days in F1 litters 
ARCTPBb Average rate of change in observed intake from days 1 to 18 or the last day of 
lactation if lactation length < 18 days in purebred litters 
ARCTCb Average rate of change in observed intake from day 1 to 18 or the last day of 
lactation if lactation length < 18 days in F1 litters 
ADIPB1c Average observed intake from day 1 to 6 in purebred litters  
ADIPB2c Average observed intake from day 7 to 10 in purebred litters 
ADIPB3c Average observed intake from day 11 to 18 or the last day of lactation if 
lactation length < 18 days in purebred litters 
ADIC1c Average observed intake from day 1 to 5 in F1 litters 
ADIC2c Average observed intake from days 6 to 18 or the last day of lactation if 
lactation length < 18 days in F1 litters 
ADFIPBc Average daily feed intake adjusted to 21-day lactation length in purebred litters 
ADFICc Average daily feed intake adjusted to 21-day lactation length in F1 litters 
VARPB1d CV of observed intake from predicted values from day 1 to 6 in purebred litters  
VARPB2d CV of observed intake from predicted values from day 7 to 10 in purebred 
litters 
VARPB3d CV of observed intake from predicted values from day 11 to 18 or the last day 
of lactation if lactation length < 18 days in purebred litters 
VARC1d CV of observed intake from predicted values from day 1 to 5 in F1 litters 
VARC2d CV of observed intake from predicted values from day 5 to 18 or the last day of 
lactation if lactation length < 18 days in F1 litters 
VARTPBd CV of observed intake from predicted values from day 1 to 18 or the last day of 
lactation if lactation length < 18 days in purebred litters 
VARTCd CV of observed intake from predicted values from day 1 to 18 or the last day of 
lactation if lactation length < 18 days in F1 litters 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b ARC is average rate of change in observed intake from the first to the last day of the specified time 
period for purebred litters (ARCPB) and F1 litters (ARCC). 
c ADI is the average value of the observed daily feed intake for the specified period in purebred litters 
(ADIPB) and F1 litters (ADIC). 
d VAR is the coefficient of variation (CV) for the difference between observed feed intake and 
predicted feed intake within the specified time period for purebred litters (VARPB) and F1 litters 
(VARC). 
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Table 2. Description of negative deviations from predicted lactation feed intake categorized as the number of occurrences during 
each period of lactation and throughout the entire lactation period in purebred and F1a litters. 
Trait Description 
DEVPB Total number of negative deviations from observed intake (SR < -1.71) throughout lactation in purebred 
sows, classified into 6 categories: 0, 1, 2, 3, 4, and ≥5. 
DEVC Total number of negative deviations from observed intake (SR < -1.71) throughout lactation in F1 sows, 
classified into 6 categories: 0, 1, 2, 3, 4, and ≥5. 
DEVPB1 Number of negative deviations from observed intake (SR < -1.71) which occurred from day 1 to 6 of 
lactation in purebred sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
DEVPB2 Number of negative deviations from observed intake (SR < -1.71) which occurred from day 7 to 10 of 
lactation in purebred sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
DEVPB3 Number of negative deviations from observed intake (SR < -1.71) which occurred from day 11 to 18 of 
lactation in purebred sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
DEVC1 Number of negative deviations from observed intake (SR < -1.71) which occurred from day 1 to 5 of 
lactation in F1 sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
DEVC2 Number of negative deviations from observed intake (SR < -1.71) which occurred from day 6 to 18 of 
lactation in F1 sows, classified into 5 categories: 0, 1, 2, 3, and ≥4. 
a  F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses.   
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Table 3. Frequency of subsequent parity records by total number of DEV that occurred during the previous lactation by parity 
group and season in purebred and F1a sows. 
Frequency of DEV in subsequent purebred parity records 
 Parity Groupc:  Seasond:  Totale: 
DEVb 1 2 3 4  Winter Spring Summer Fall  Total 
0 275 279 240 479  307 378 285 303  1273 
1 130 119 87 231  122 160 168 117  567 
2 69 57 53 88  56 73 90 48  267 
3 28 18 31 48  27 31 41 26  125 
4 20 20 15 25  15 19 31 15  80 
≥ 5 21 20 12 35  18 20 32 18  88 
Totale 543 513 438 906  545 681 647 527  2400 
Frequency of DEV in subsequent F1 parity records 
 Parity Groupc:  Seasond:  Totale: 
DEVb 1 2 3 4  Winter Spring Summer Fall  Total 
0 327 336 307 821  390 606 619 176  1791 
1 101 96 68 146  43 189 156 23  411 
2 66 53 47 83  31 99 100 19  249 
3 39 41 29 68  11 69 76 21  177 
4 22 15 18 47  12 45 39 6  102 
≥ 5 33 38 25 87  8 62 98 15  183 
Totale 588 579 494 1252  495 1070 1088 260  2913 
a  F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b  Total number of DEV categorized by number of occurrences during the previous lactation, 0, 1, 2, 3, 4, and  ≥5. 
c  Parity of sow when she farrowed the previous litter in which DEV were recorded.  Parities were categorized into groups: parity 
1, 2, 3, and ≥ 4, based on differences in ADFI between parities.  
d Season: Winter: December, January and February; Spring: March, April and May; Summer: June, July and August; Fall: 
September, October and November.  Season in this table represents the season of the litter in which DEV were recorded. 
e  Total number of lactation periods corresponding to each DEV category, parity group, or season within purebred and F1 
populations. 
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Table 4. Least squares means for number born alive and stillborn pigs in the subsequent 
lactation by season, parity group, and lactation length during the previous lactation in a 
study of lactation feed intake.  
  Purebred sows  F1c sows 
Item Number born 
alive a 
Number  
stillborn b 
Number born 
alive a 
Number 
stillborn b 
Season d:      
Winter 11.34 ± 0.17f 0.81 ± 0.09f 12.73 ± 0.19f 0.49 ± 0.06f 
Spring 11.62 ± 0.18f 0.93 ± 0.09f 12.64 ± 0.23f 0.49 ± 0.07f 
Summer 11.39 ± 0.17f 0.97 ± 0.09f 12.85 ± 0.20f 0.53 ± 0.06f 
Fall 11.58 ± 0.17f 0.85 ± 0.09f 12.86 ± 0.16f 0.59 ± 0.05f 
Parity Group e:     
2 11.48 ± 0.17g 0.57 ± 0.08f 12.06 ± 0.18f 0.44 ± 0.05f 
3 11.65 ± 0.18g 0.77 ± 0.08g 12.61 ± 0.19g 0.43 ± 0.06f 
4 11.68 ± 0.19g 0.86 ± 0.09g 13.29 ± 0.20h 0.47 ± 0.06f 
≥ 5 11.11 ± 0.16f 1.36 ± 0.08h 13.12 ± 0.17h 0.75 ± 0.05g 
Lactation Length (days): 
15-17 11.01 ± 0.22f 0.78 ± 0.10f 12.25 ± 0.15f 0.52 ± 0.10f 
18-20 11.40 ± 0.15g 0.95 ± 0.07g 12.65 ± 0.13g 0.55 ± 0.07f 
21-23 11.69 ± 0.20g,h 0.93 ± 0.09f,g 13.41 ± 0.31h 0.51 ± 0.09f 
24-25 11.95 ± 0.26h 0.90 ± 0.11f,g --- --- 
a Number of pigs born alive in the subsequent lactation. 
b Number of pigs classified as being stillborn in the subsequent lactation. 
c F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
d Winter: December, January and February; Spring: March, April and May; Summer: June, 
July and August; Fall: September, October and November. 
e Parity group of the sow when she farrowed the subsequent litter. . 
f-h Least squares means within column and within season, parity group, or lactation length 
with different superscripts are significantly different (P < 0.05). 
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Table 5. Regression coefficients ± S.E. for lactation feed intake metrics on number born alive and 
number of stillborn pigs in the subsequent lactation in a study of lactation feed intake in purebred and 
F1a sows. 
Trait b Number born alive c P-value d Stillborn e (kg/d) P-value d 
ARCPB1, kg/d 0.29 ± 0.33 0.37 0.14 ± 0.14 0.30 
ARCPB2, kg/d 0.13 ± 0.20 0.50 0.14 ± 0.08 0.10 
ARCPB3, kg/d 0.22 ± 0.33 0.50 0.13 ± 0.14 0.39 
ARCTPB, kg/d  0.92 ± 0.75 0.21 0.40 ± 0.31 0.20 
ADIPB1, kg/d 0.31 ± 0.11 0.03 0.05 ± 0.05 0.29 
ADIPB2, kg/d 0.20 ± 0.09 0.02 0.03 ± 0.04 0.44 
ADIPB3, kg/d 0.24 ± 0.07 0.01 0.02 ± 0.03 0.60 
ADFIPB, kg/d 0.31 ± 0.07 < 0.01 0.08 ± 0.03 0.01 
VARPB1 0.73 ± 0.70 0.30 -0.55 ± 0.29 0.61 
VARPB2 -0.66 ± 0.52 0.20 -0.04 ± 0.22 0.87 
VARPB3 -2.86 ± 0.97 < 0.01 -0.08 ± 0.41 0.84 
VARTPB -2.29 ± 1.36 0.09 -0.37 ± 0.58 0.53 
ARCC1, kg/d 0.32 ± 0.29 0.27 -0.08 ± 0.09 0.35 
ARCC2, kg/d 0.13 ± 0.35 0.69 0.04 ± 0.11 0.69 
ARCTC, kg/d 0.54 ± 0.51 0.29 0.13 ± 0.15 0.40 
ADIC1, kg/d 0.04 ± 0.10 0.65 0.04 ± 0.02 0.22 
ADIC2, kg/d 0.06 ± 0.05 0.21 0.03 ± 0.01 0.03 
ADFIC, kg/d 0.10 ± 0.06 0.10 0.03 ± 0.02 0.11 
VARC1 -0.43 ± 0.60 0.47 -0.43 ± 0.60 0.47 
VARC2 -0.92 ± 1.30 0.47 -0.92 ± 1.30 0.47 
VARTC -1.40 ± 1.30 0.28 -0.36 ± 0.40 0.36 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b ARCPB1: average rate of change in intake from day 1 to 6 in purebred litters; ARCPB2: average rate of 
change in intake from day 7 to 10 in purebred litters; ARCPB3: average rate of change in intake from 
day 11 to 18 in purebred litters; ARCTPB: average rate of change in intake from day 1 to 18, or last day 
of lactation if LL < 18 days in purebred litters; ADIPB1: average intake from day 1 to 6 in purebred 
litters; ADIPB2: average intake from day 7 to 10 in purebred litters; ADIPB3: average intake from day 
11 to 18 in purebred litters; ADFIPB: average daily feed intake during lactation in purebred populations; 
VARPB1: CV from day 1 to 6 in purebred litters; VARPB2: CV from day 7 to 10 in purebred litters; 
VARPB3: CV from day 11 to 18 in purebred litters; VARTPB: CV from day 1 to 18, or last day of 
lactation if LL < 18 days in purebred litters; ARCC1: average rate of change in intake from day 1 to 5 in 
F1 litters; ARCC2: average rate of change in intake from day 6 to 18 in F1 litters; ARCTC: average rate 
of change in intake from day 1 to 18, or last day of lactation if LL < 18 days in F1 litters; ADIC1: 
average intake from day 1 to 5 in F1 litters; ADIC2: average intake from day 6 to 18 in F1 litters; 
ADFIC: average daily feed intake during lactation in F1 litters; VARC1: CV from day 1 to 5 in F1 
litters; VARC2: CV from day 6 to 18 in F1 litters; VARTC: CV from day 1 to 18, or last day of lactation 
if LL < 18 days in F1 litters. 
c Number of pigs born alive in the subsequent lactation. 
d Coefficient is significant at level (P < 0.05). 
e Number of pigs classified as being stillborn in the subsequent lactation. 
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Table 6. Least squares means for number born alive and number of stillborn pigs in the 
subsequent lactation by number of DEV within each period of lactation and throughout the 
lactation period in purebred sows. 
Itema Number born alive b Stillborn c 
DEVPB1:   
0 11.44 ± 0.30d 0.99 ± 0.13d 
1 11.39 ± 0.35d 0.93 ± 0.15d 
2 11.88 ± 0.51d 1.18 ± 0.22d 
3 12.54 ± 0.87d 0.51 ± 0.37d 
≥ 4 10.77 ± 0.82d 0.58 ± 0.34d 
DEVPB2:   
0 11.48 ± 0.32d 0.75 ± 0.13d 
1 11.49 ± 0.34d 0.73 ± 0.15d 
2 11.29 ± 0.49d 0.53 ± 0.21d 
3 11.99 ± 0.66d 1.02 ± 0.28d 
≥ 4 10.76 ± 0.98d 1.15 ± 0.41d 
DEVPB3:   
0 11.73 ± 0.34e 0.88 ± 0.15d 
1 11.92 ± 0.37e 0.80 ± 0.16d 
2 11.63 ± 0.41e 0.83 ± 0.17d 
3 12.12 ± 0.53e 0.89 ± 0.22d 
≥ 4 10.62 ± 0.47d 0.79 ± 0.20d 
DEVPB:   
0 11.43 ± 0.14d 0.92 ± 0.06d 
1 11.62 ± 0.17d,e 0.92 ± 0.08d 
2 11.29 ± 0.22d 0.98 ± 0.10d 
3 11.99 ± 0.30e 0.96 ± 0.13d 
4 11.29 ± 0.36d 0.81 ± 0.15d 
≥ 5 11.17 ± 0.35d 0.72 ± 0.15d 
a DEVPB1: Number of negative deviations from observed intake from day 1 to 6 in 
purebred litters; DEVPB2: Number of negative deviations from observed intake from day 7 
to 10 in purebred litters; DEVPB3: Number of negative deviations from observed intake 
from day 11 to 18 in purebred litters; DEVPB: Total number of negative deviations from 
observed intake during a lactation period in purebred litters. 
b Number of pigs born alive in the subsequent lactation. 
c Number of pigs classified as being stillborn in the subsequent lactation. 
d-e Least squares means within column and period of lactation with different superscripts are 
significantly different (P < 0.05). 
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Table 7. Least squares means for number born alive and number of stillborn pigs in the 
subsequent lactation by number of DEV within each period of lactation and throughout the 
lactation period in F1a sows. 
Itemb Number born alive c Stillborn d 
DEVC1:    
0 12.72 ± 0.19e 0.52 ± 0.05e 
1 12.65 ± 0.37e 0.56 ± 0.11e 
2 12.56 ± 0.63e 0.60 ± 0.19e 
3 13.16 ± 1.00e 0.28 ± 0.30e 
≥ 4 11.90 ± 1.01e 0.47 ± 0.31e 
DEVC2:   
0 12.56 ± 0.36e 0.55 ± 0.11f 
1 12.57 ± 0.38e 0.46 ± 0.11e,f 
2 12.56 ± 0.40e 0.42 ± 0.12e 
3 12.72 ± 0.43e 0.48 ± 0.13e,f 
≥ 4 12.59 ± 0.39e 0.52 ± 0.12e,f 
DEVC:   
0 12.67 ± 0.18e,f 0.58 ± 0.05f 
1 12.82 ± 0.23f 0.49 ± 0.07e,f 
2 12.32 ± 0.25e 0.44 ± 0.08e 
3 12.86 ± 0.25f 0.53 ± 0.08e,f 
4 12.99 ± 0.34f 0.59 ± 0.10f 
≥ 5 12.68 ± 0.27e,f 0.56 ± 0.08e,f 
a DEVC1: Number of negative deviations from observed intake from day 1 to 5 in a F1 
litter; DEVC2: Number of negative deviations from observed intake from day 6 to 18 in F1 
litters; DEVC: Total number of negative deviations from observed intake during a F1 
lactation period. 
b Number of pigs born alive in the subsequent lactation. 
c Number of pigs classified as being stillborn in the subsequent lactation. 
d  F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
e-f Least squares means within column and period of lactation with different superscripts are 
significantly different (P < 0.05). 
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Table 8. Pearson correlation coefficients for LFI metrics quantified during lactation and the 
same LFI metric quantified during the same period of lactation in the subsequent lactation 
for purebred and F1a sows. 
Purebred sows  F1a sows 
LFI Trait b Correlation c  LFI Trait d Correlation e 
ARCPB1 0.28*  ARCC1 0.11* 
ARCPB2 0.04  ARCC2 0.23* 
ARCPB3 0.05  ARCTC 0.22* 
ARCTC 0.04  ADIC1 0.08* 
ADIPB1 0.47*  ADIC2 0.22* 
ADIPB2 0.42*  ADFIC 0.27* 
ADIPB3 0.18*  VARC1 0.09* 
ADFIPB 0.33*  VARC2 0.16* 
VARPB1 0.09  VARTC 0.17* 
VARPB2 0.08    
VARPB3 0.04    
VARTPB 0.16*    
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b ARCPB1: average rate of change in intake from day 1 to 6 in purebred litters; ARCPB2: 
average rate of change in intake from day 7 to 10 in purebred litters; ARCPB3: average rate of 
change in intake from day 11 to 18 in purebred litters; ARCTPB: average rate of change in 
intake from day 1 to 18, or last day of lactation if LL < 18 days in purebred litters; ADIPB1: 
average intake from day 1 to 6 in purebred litters; ADIPB2: average intake from day 7 to 10 in 
purebred litters; ADIPB3: average intake from day 11 to 18 in purebred litters; ADFIPB: 
average daily feed intake during lactation in purebred populations; VARPB1: CV from day 1 to 
6 in purebred litters; VARPB2: CV from day 7 to 10 in purebred litters; VARPB3: CV from 
day 11 to 18 in purebred litters; VARTPB: CV from day 1 to 18, or last day of lactation if LL < 
18 days in purebred litters. 
c Correlation between a LFI metric quantified during lactation and the same LFI metric 
quantified during the same period of lactation during the subsequent lactation in purebred 
sows. 
d ARCC1: average rate of change in intake from day 1 to 5 in F1 litters; ARCC2: average rate 
of change in intake from day 6 to 18 in F1 litters; ARCTC: average rate of change in intake 
from day 1 to 18, or last days of lactation if LL < 18 days in F1 litters; ADIC1: average intake 
from day 1 to 5 in F1 litters; ADIC2: average intake from day 6 to 18 in F1 litters; ADFIC: 
average daily feed intake during lactation in the F1 litters; VARC1: CV from day 1 to 5 in F1 
litters; VARC2: CV from day 6 to 18 in F1 litters; VARTC: CV from day 1 to 18, or last day of 
lactation if LL < 18 days in F1 litters 
e Correlation between a LFI metric quantified during lactation and the same LFI metric 
quantified during the same period of lactation during the subsequent lactation in F1 sows. 
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CHAPTER 6.  ESTIMATION OF GENETIC PARAMETERS ASSOCIATED WITH 
LACTATION FEED INTAKE AND REPRODUCTIVE PERFORMANCE IN 
PUREBRED AND F1 SOWS 
 
A paper to be submitted to Livestock Science 
 
C.L. Yoder1, C.R. Schwab2, J.S. Fix3, V.M. Duttlinger4, T.J. Baas1,5 
 
 
Abstract 
 
 Daily feed intake during lactation was recorded in parity records from purebred 
Yorkshire (n = 1587), purebred Landrace (n = 2197), and reciprocal cross F1 (n = 6932) 
females from day 1 to 22 of lactation. Lactation feed intake (LFI) curves were predicted 
using a mixed model which included fixed effects of breed, season, parity group (PG), day 
of lactation, interactions of day with breed and PG, and a covariate for litter size after cross-
fostering. Random effects included litter, contemporary group (herd-year-month), dam, and 
sire nested within breed.  Evaluation of the difference in feed intake between 2 consecutive 
days of lactation resulted in the following classifications: 3 periods for purebreds, day 1 to 6 
(PB1), day 7 to 10 (PB2), and day 11 to 18 (PB3), and 2 periods for F1 sows, day 1 to 5 
(C1) and day 6 to 18 (C2). Average rate of change in intake (ARC), average daily intake 
(ADI), and variation from predicted daily LFI values (VAR) were computed for each period 
in purebred and F1 sows.  Gibbs sampling was used to estimate genetic (co)variances of 
LFI metrics and reproductive performance traits.  Estimates of parameters of interest were 
1 Department of Animal Science, Iowa State University, Ames, IA, U.S. 50011 
2 The Maschhoffs, Carlyle, IL, U.S. 62231 
3 National Swine Registry, West Lafayette, IN, U.S. 47906 
4 Tempel Genetics, Gentryville, IN, U.S. 47537 
5 Correspondence: 109 Kildee Hall, Iowa State University, Ames, IA 50011 (phone: 515-
294-6728; fax: 515-294-5698; E-mail: tjbaas@iastate.edu) 
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obtained as statistics of their respective posterior distributions.  Genetic variance estimates 
for each LFI metric were obtained with univariate animal models while all covariance 
estimates were estimated with bivariate models.  Heritability estimates for metrics 
computed over the duration of lactation for average daily lactation feed intake (ADFI), 
average rate of change (ARCT), and variation from predicted daily LFI values (VART) 
were 0.37, 0.24, and 0.16, respectively.  Heritability estimates were highly variable across 
periods of lactation for ARC (0.03 – 0.17), ADI (0.09 – 0.36), and VAR (0.04 – 0.18) 
metrics in purebred and F1 populations.  Estimates were greatest for metrics during late 
lactation, and lowest during early lactation.  Estimates for ARC, ADI, and VAR metrics 
during each period of lactation were most highly correlated with the corresponding metric 
over the duration of lactation.  All LFI metrics were highly correlated with ADFI. 
Correlations between LFI metrics and reproductive traits were relatively low, though 
metrics measured later in lactation were more highly correlated (P < 0.05).  It is evident that 
there is potential to alter LFI metrics through direct selection, however rate in which 
genetic improvement would occur varies between metrics and period of lactation.  
Key words: heritability, lactation, swine, variance 
Introduction 
 Increased selection intensity for highly productive sows has resulted in higher milk 
production and maintenance costs for lactating sows, consequently increasing energy 
requirements.  Feed intake and body reserves are the only available nutrient sources a sow 
can utilize for maintenance and milk production during lactation (Ball et al., 2008), and 
lactation feed intake is frequently inadequate, requiring body reserves to be mobilized to 
maintain milk production (Noblet et al., 1990).  Selection for efficient lean growth in 
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market pigs is also associated with reduced appetite and lower feed intake capacity (Kanis 
et al., 1990), and is directly correlated to lower levels of feed intake in lactating sows (Kerr 
and Cameron, 1996).  Concurrently, increasing levels of feed intake during lactation are 
associated with significantly higher litter weaning weights (Schinckel et al., 2010; Koketsu 
and Dial, 1997), less mobilization of body reserves (Dourmad, 1991; Kirkwood et al., 
1987), and a shorter wean-to-first-service interval (Koketsu et al., 1998).  Increasing daily 
lactation feed intake (LFI) is a simple solution to prevent excess mobilization of body 
reserves, however it is not as easily accomplished.  Selection may prove a sufficient method 
for improvement as several studies have revealed the potential for increasing levels of LFI 
through direct selection (Lewis and Bunter, 2011a; Bunter et al., 2009; Van Erp et al., 
1998).  Selection for LFI has also been indirectly associated with genetic improvement in 
sow productivity (Bunter et al., 2009) and the genetic capability to limit mobilization of 
body reserves (Lewis and Bunter, 2011b).  Previous studies in growing pigs have found that 
estimates of genetic variance for measures of feed intake varied during different periods of 
growth (Huisman et al., 2004; Schulze et al., 2002).  However, it has also been reported that 
there is potential to alter the shape of the feed intake curve in growing pigs through genetic 
selection (Schulze et al., 2002; Bermejo et al., 2003a), though this has not previously been 
evaluated in lactating sows.  The objectives for the present study were to estimate the 
genetic parameters for metrics that define LFI curves in purebred and F1 populations, 
including heritabilities, genetic correlations between LFI metrics, and genetic correlations 
between LFI metrics and reproductive performance.   
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Materials and methods 
Animals and data collection 
 Daily lactation feed intake records (LFI) on 10716 parity records were collected 
from purebred Yorkshire, purebred Landrace, and Landrace x Yorkshire or Yorkshire x 
Landrace F1 females (Table 1).  Data were recorded from sows in 3 production units 
representing a nucleus, multiplier, and commercial farm within the same genetic system 
from January 2007 through March 2011.  Parity records from sows of parity greater than 10 
or lactation length (LL) less than 15 days or more than 25 days were removed from the data 
set.  Distribution of records for each parity, season, and lactation length (LL) is summarized 
by breed in Table 2. 
Collection of daily LFI records began post farrowing on sows housed in individual 
stalls in a totally enclosed, confinement environment.  Purebred sows were hand fed 5 times 
per day and F1 sows were hand fed 2 times per day.  To calculate daily intake, remaining 
feed was estimated the following morning and subtracted from the previous day’s total.  
Sows were fed to appetite with increased feed availability when sows ate all feed provided 
the previous feeding.    Within 24 hours of farrowing, pigs were cross-fostered to balance 
litters for number of pigs nursed.  Litter size (LS) was recorded as the number of pigs 
nursing after cross-fostering occurred.  Number of pigs weaned and litter weaning weight 
were recorded at time of weaning.  After weaning, sows were moved to individual gestation 
stalls and wean-to-first-service interval (WTSI) was recorded on sows that remained in the 
breeding herd. 
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Statistical analysis 
Predicted values for daily LFI in purebred and F1 sows were estimated with a mixed 
model using the HPMIXED procedure in SAS (SAS Inst. Inc., Cary, NC).  Due to a low 
number of records that exceeded 22 days of lactation, only feed intake records from day 1 
through 22 of lactation were used for prediction of daily LFI values.  The model for 
observed daily LFI included fixed effects of breed, season (Winter: December, January and 
February; Spring: March, April and May; Summer: June, July and August; Fall: September, 
October and November), parity group (PG), day of lactation, interactions for day of 
lactation with breed and PG, and a covariate for LS.  Random effects in the model were 
litter, contemporary group (herd-year-month), dam, and sire nested within breed.  Initial 
analysis included parity as a fixed effect; however, there were no significant differences (P 
> 0.05) in daily LFI values beyond parity 4 and the final prediction model included the 
following 4 PG: parity 1, 2, 3 and ≥ 4.  Least squares means for the interaction of day and 
breed were used to quantify LFI curves through day 22 of lactation for each population.  
Lactation feed intake curves were classified into significant periods of intake based 
on the shape of the LFI curves and the rate of change in intake between 2 consecutive days 
throughout lactation.  Difference in intake between 2 consecutive days was analyzed 
utilizing the same mixed model for prediction of daily LFI values.  Contrast of LS means 
for day-to-day change in intake (DC) resulted in classification of the LFI curve into 
different periods for purebred and F1 populations.  Yorkshire and Landrace LFI curves 
were not different (P > 0.05) and were summarized as a purebred population.  Evaluation of 
DC resulted in the following classifications for purebred lines: day 1 to 6 (PB1), day 7 to 10 
(PB2), day 11 to 18 (PB3), and for F1 sows: day 1 to 5 (C1) and day 6 to 18 (C2).  Yoder et 
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al. (2012) gives a detailed explanation of analyses used for prediction of daily LFI and LFI 
period classification. 
 A description of LFI metrics evaluated in the present study is presented in Table 3.  
Values for average daily rate of change in intake (ARC) from the first day of each period of 
lactation to the last day of that period, average daily intake (ADI), and the coefficient of 
variation (CV) of daily observed LFI values from predicted daily LFI values (VAR) were 
estimated for each period of lactation, and over the entire lactation.  Variation metrics were 
estimated as the standard deviation of the difference in daily observed LFI values from 
daily predicted LFI values divided by mean observed LFI during the corresponding period 
of lactation.  Litter weaning weight was adjusted for breed, parity, LS, and to a 21-day 
lactation length (LW21).  Wean-to-first-service interval (WTSI) followed a normal 
distribution but represented a narrow range, and due to limited observations at the tails of 
the distribution, values for WTSI ≤ 4 days were classified as 4 days and WTSI ≥ 9 days 
were classified as 9 days. These categories were similar to groups used by Tantasuparuk et 
al. (2000).  Wean-to-first-service interval was analyzed as a normally distributed, 
continuous variable.  Yoder et al. (2012) gives a detailed description of statistical analyses 
used to estimate the phenotypic relationship between LFI metrics and reproductive 
performance. 
Genetic (co)variance estimation 
 Variance and covariance components were estimated by Bayesian inference via 
Gibbs sampling.  The GIBBS2f90 program (Misztal, 1999) was used for analyses of all 
variance and covariance components for continuous variables.  Phenotypic variances, 
phenotypic covariance estimates, and previously reported heritability estimates for feed 
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intake during lactation were used to estimate genetic variance and covariance values which 
were used as priors for genetic and environmental (co)variances in the analyses (Rydhmer 
et al., 2001).  All analyses were completed with a total chain length of 100000 single round 
cycles.  The first 40000 cycles were regarded as the burn-in period and were discarded.  
Every 10th iteration thereafter was stored to generate 6000 samples which were included in 
the posterior distribution.  Post-Gibbs analyses used the POSTGIBBSF90 program (Misztal 
et al., 2002) to estimate the mean variance, or mean covariance, and highest posterior 
density (HPD) from their respective posterior distributions.  Highest posterior density was 
evaluated to determine the level of significance of each variance or covariance estimate 
(Box and Tiao, 1992), and an HPD that did not include 0 indicated the variance or 
covariance estimate was significantly different from 0 (P < 0.05).  Means of the posterior 
distribution were subsequently used for computation of the heritability and genetic 
correlations associated with LFI metrics and reproductive performance.   
 Variance component estimates for LFI metrics and reproductive performance were 
obtained through analyses with a univariate animal model that utilized all known 
relationships.  All covariance components among LFI metrics and reproductive 
performance were estimated with bivariate animal models.  The complete pedigree data file 
included 34010 animals beginning in January 2000.   
 Models utilized in genetic evaluation of LFI metrics and reproductive performance 
were adapted from models used in phenotypic evaluation of LFI metrics (Yoder et al., 
2012) and are provided in Table 4.  Breed was not included in models for LFI metrics 
computed for F1 populations because only one breed was represented in the population.  
Season was included in all models, and PG was included in all models except for LW21, 
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which was adjusted for parity prior to analysis.  Lactation length was included in models for 
LFI metrics which were computed over the duration of the lactation, except for ADFI, 
which was adjusted to a 21-day LL prior to analyses.  Litter size after cross-fostering was 
included as a covariate in models for all LFI metrics, and unadjusted weaning weight (WW) 
was included as a covariate in the model for WTSI.  Variance and covariance estimates for 
LFI metrics that were computed from days 1 to 18, or the last day of lactation if LL < 18 
days (ARCT, ADFI, and VART), number born alive (NBA), LW21, and WTSI included 
observations from both purebred and F1 populations.  Metrics were not exclusive to one 
population since each metric was computed over the same amount of time in both 
populations.  The inclusion of all observations for each trait from both populations 
maximized the accuracy of the variance and covariance estimates involving these traits.  
The effects included in models for each LFI metric (Table 4) were included in all analyses 
for estimation of all variance components and covariance components involving each 
specific trait.  Phenotypic correlations were estimated as Pearson correlation coefficients.    
 Genetic correlations between LFI metrics recorded in purebred populations and LFI 
metrics recorded in F1 populations were estimated to determine if selection at the nucleus 
level would correspond to genetic improvement in LFI at the commercial production level.  
Correlations between purebred and F1 populations were estimated only for metrics that 
corresponded directly within the specific category of metric (ARC, or ADI, or VAR) used 
to define the shape of LFI curves.   
Results and Discussion 
 Descriptive statistics for parity, LL, reproductive performance, and LFI metrics in 
purebred and F1 populations are presented in Table 5. 
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Variance estimates for LFI metrics 
 Variance and heritability estimates for LFI metrics in purebred and F1 populations 
are presented in Table 6.  Heritability estimates indicate that there is potential to alter LFI 
metrics and the shape of LFI curves through direct selection.  Estimates ranged from low to 
moderately heritable, and heritability estimates for ADI metrics were generally higher than 
corresponding heritability estimates for ARC or VAR metrics in each period of lactation.  
Heritability estimates for LFI metrics were higher in F1 populations and were generally 
higher for LFI metrics computed during later periods in lactation, and were highest within 
each category of metric when measured from day 1 to 18 of lactation (ARCT, ADFI, and 
VART).   
The range of heritability estimates for LFI metrics in the present study were in 
general agreement with previously reported estimates, though some estimates were higher 
than previously reported.  Average daily feed intake has been the most commonly reported 
measure of LFI, and had the highest estimates in the present study.  Van Erp et al. (1998) 
reported a heritability estimate of 0.19 for ADFI in lactating sows.  Bunter et al. (2007) 
reported a lower estimate of heritability for ADFI (0.11), while Bergsma et al. (2012) 
reported the heritability of ADFI to be 0.21.  Hermesch et al. (2008) reported that ADI 
during the first week of lactation (0.17) and second week of lactation (0.18) could be 
altered through selection.  Hermesch (2007) estimated the heritability for average daily 
intake during consecutive 5-day periods of lactation in purebred sows and reported that 
heritability for ADI during the first 5 days of lactation was low (0.02), but estimates 
increased over the next 3 periods of lactation (0.12 to 0.17).  Huisman et al. (2004) reported 
a similar estimate of heritability for average daily feed intake in the growing pig (0.22), and 
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Schulze et al. (2002) reported a heritability of 0.39 for average daily feed intake in growing 
pigs, which were similar to estimates in the present study.  Schulze et al. (2002) also 
reported the heritability of average intake shortly after weaning (0.17) was low but 
estimates increased as pigs grew up to 9-weeks post weaning (0.41), similar to the trend in 
ADI metrics in lactating sows in the present study.  Van Arendonk et al. (1991) reported 
that average daily feed intake was highly heritable in lactating dairy cows (0.46), and Van 
Elzakker and Van Arendonk (1993) reported that heritability for average daily feed intake 
for lactating cows varied greatly depending on stage of lactation (0.18 to 0.42), but was 
highest later in lactation.  Arthur et al. (2001) reported a similar trend for average intake in 
growing beef cattle (0.39).   
There is potential to increase ADI during lactation through selection and would 
likely be more effective during late lactation or over the entire lactation period.  Heritability 
estimates were specific to the population in which traits were measured, and the estimates 
of heritability for ADFI and ADI metrics in the present study were higher than previous 
studies which evaluated ADFI in lactating sows.  One explanation may be that the 
population in the present study was subjected to intense selection for sow productivity 
which may have indirectly led to an increase in genetic variation for ADFI and ADI 
metrics.  The present study also includes LFI values from an F1 population and the increase 
in genetic variation could be due to additive effects as the result of crossbreeding.   
In the present study, ARC and VAR metrics were low to moderately heritable, but 
were lower than the heritability estimates for ADI metrics during each corresponding period 
of lactation.  Heritability estimates for ARC and VAR metrics were also higher in the F1 
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population than in the purebred population, and estimates for ARCT and VART were 
highest and provide the greatest potential for improvement through direct selection.   
Heritability estimates for ARC and VAR metrics were similar to estimates for 
average daily intake in previous studies (Van Erp et al., 1998; Hermesch, 2007; Bergsma et 
al., 2012).  Metrics used in the present study to describe the average rate of change in intake 
and variation from predicted LFI values in lactating sows had not previously been reported.  
However, studies evaluated the genetic variance for the slope of feed intake curves and 
variation of feed intake in growing pigs.  Bermejo et al. (2003b) found that heritability 
estimates for slope of the feed intake curve in growing pigs, similar to ARC metrics, were 
low (0.03) when pigs were initially put on test, but increased as the growth period 
progressed through market, when heritability estimates were moderate (0.30).  Schulze et 
al. (2002) reported moderate heritability estimates for slope of the feed intake curve in 
growing pigs (0.22), and heritability of the slope during 2-week intervals throughout the 
first 9 weeks of growth ranged from 0.18 to 0.33.  Huisman et al. (2004) reported that 
variation of daily feed intake over the entire test period in growing gilts was moderately 
heritable (0.30).  That estimate was larger than estimates of heritability for any VAR 
metrics in the present study, which could be due to the population tested, number of gilts 
measured in each study, or simply the difference between intake in growing pigs and intake 
in lactating sows. 
There is potential to alter the average rate of change in intake, average daily feed 
intake, and variation from predicted LFI values during each period of lactation through 
direct selection.  Heritability estimates were higher for metrics in the F1 population and 
were highest when measured over the entire lactation.  Traits which included observations 
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from purebred and F1 sows had the highest heritability estimates as well.  That was to be 
expected as Ibanez-Escriche et al. (2011) reported that genetic evaluations which include 
data from purebred and crossbred populations have higher estimates of genetic variance and 
increased reliability.  Heritability estimates for ADI metrics and ADFI were the highest in 
the present study, and provide the greatest opportunity for alteration through selection. 
Genetic correlations among LFI metrics 
 Genetic and phenotypic correlations between LFI metrics in the purebred population 
are presented in Table 7 and correlations between LFI metrics in the F1 population are 
presented in Table 8.  The general trend in both populations were that genetic correlations 
between ARC, ADI, and VAR metrics were favorable, but estimates ranged from low to 
highly correlated.  In purebred and F1 populations genetic correlations between ARC 
metrics in different periods of lactation were not different from 0 (P > 0.05), though ARC 
metrics during each period of lactation were highly and favorably correlated with ARCT.  It 
is possible that ARC during early lactation and late lactation were not genetically related, 
but since all ARC metrics were favorably correlated with ARCT it was unlikely.  It was 
more likely that animals which had the genetic makeup for larger ARC values in early 
lactation would reach a higher level of intake more quickly, thus reducing ARC values later 
in lactation, limiting the genetic correlation between ARC in early and late periods of 
lactation.  Though previous studies had not reported genetic parameters associated with the 
slope of LFI curves, slope had been evaluated for the feed intake curve in growing pigs.  
Schulze et al. (2002) reported genetic correlations between slopes of the feed intake curve 
during different periods of the growth phase were low and considered genetically different, 
and feed intake during different phases of growth should be evaluated as separate traits.   
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Genetic correlations between ADI metrics were all highly and favorably correlated 
between periods of lactation and were most highly correlated with ADFI.  The trend was 
present in both purebred and F1 populations.  Genetic correlations for VAR metrics 
followed the same trend between metrics in different periods of lactation, and were highly 
and favorably correlated with VART.  Within each specific category of metric, genetic 
correlations were highest between metrics computed during any period of lactation and the 
corresponding metric computed over the duration of lactation.  Generally genetic 
correlations between ARC, ADI, and VAR metrics with ADFI were high regardless of 
which period they were computed.  Genetic correlations between different metrics during 
the same period of lactation were also generally high and favorable.   High genetic 
correlations indicate that many of the same genes affect both traits, while correlations 
between traits that were nearly equal to 1, or -1, could be considered the same trait.  
Selection for one trait should result in an indirect response in the other trait that is nearly 
equivalent to the expected response that would result from direct selection.  It is intuitive 
that correlations between LFI metrics within a specific category of metric would be high 
and favorable since genes are likely the same for corresponding metrics throughout 
lactation.  This was true with ADI and VAR metrics throughout lactation, though ARC 
proved an exception.  The ARCT, ADFI, and VART metrics, computed over days 1 to 18 
of lactation, were the accumulation of their respective metrics computed during each period 
of lactation.  It was probable that metrics within each specific category were controlled by 
the same genes and could be consider the same trait, which would explain the high genetic 
correlations with ARCT, ADFI, and VART.  Selection for ARCT, ADFI, and VART 
metrics should provide indirect genetic improvement for ARC, ADI, and VAR metrics, 
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respectively, measured during each period of lactation; while selection for ADFI should 
provide an efficient response in nearly all LFI metrics independent of period of lactation. 
 Studies evaluating the genetic relationship of feed intake between periods of 
lactation were limited, though Hermesch (2007) reported similar estimates as the present 
study in which estimates of average intake during 5-day intervals of lactation were highly 
correlated between each period and could be considered genetically the same trait.  
Bergsma et al. (2012) also reported that daily feed intake was highly repeatable during 
lactation.  In the present study, phenotypic correlations followed a similar trend, though 
generally not as strong as the corresponding genetic correlations.  Koketsu et al. (1997) 
reported phenotypic correlations between average daily intake during each of the first 3 
weeks of lactation were favorable, and similar to those in the present study.  Huisman et al. 
(2004) reported average intake in growing pigs was moderately and favorably correlated 
with average intake measured throughout lactation.  The study also found that periods of 
intake in the growing pig were most strongly correlated with average intake over the entire 
growth phase, and that variation in intake was favorably correlated with average daily 
intake. 
 It is possible to alter LFI metrics through selection, and genetic correlations in the 
present study generally suggest that other LFI metrics would be favorably altered as an 
indirect response to selection.  Several genetic correlations between 2 traits which were 
near unity indicate they could be considered the same trait, genetically.  The high and 
favorable genetic correlations indicate that selection for only a few LFI metrics would 
generally generate a favorable response through indirect selection for the majority of LFI 
metrics computed during each period of lactation.   
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Genetic correlations between purebred populations and F1 population 
Selection models which utilized a combination of information from purebred and 
crossbred animals have produced higher accuracies for breeding value estimates in the 
purebred population (Bijma et al., 1998).  However, the goal of a breeding program is to 
provide genetic improvement in crossbred progeny, which are dependent of selection at the 
nucleus level (Harris et al., 1984).  Though studies which estimated genetic correlations 
between LFI in purebred and F1 sows were not available in published literature, there were 
several studies evaluating the genetic relationship between purebred and crossbred 
populations for a variety of performance traits.  Brandt and Taubert (1998), and Zumbach et 
al. (2007), reported that genetic correlations between purebred and crossbred pig 
populations for backfat depth and post-weaning growth rate were high and favorable.  
Similarly, Bidanel and Ducos (1996) reported that average daily gain, backfat depth, feed 
conversion, and percent lean growth in a purebred population were highly and favorably 
correlated with average daily gain and backfat depth in a commercial population.  Similar 
results were reported in laying hens by Wei et al. (1995), who found that egg number and 
weight were highly correlated between purebred and crossbred populations.  
However, not all studies reported such high and favorable correlations between 
populations.  Cecchinato et al. (2010) reported that genetic correlations between purebred 
and crossbred pig populations for preweaning survival traits were low.  Tilsch et al. (1989) 
reported genetic correlations for daily gain and feed conversion between purebred and 
crossbred calves were near 0.  These results were similar to those in the present study.  The 
genetic correlations between LFI metrics in the purebred population, and LFI metrics in the 
F1 population are presented in Table 9.  With the exception of a few ARC metrics, which 
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were high and favorably correlated, genetic correlations between LFI metrics in the 
purebred and F1 populations were not different from 0 (P > 0.05).  It is possible that for 
some of the LFI metrics the difference in length and number of periods during lactation 
between populations were a factor in the non-significant correlation estimates.  Similarly, 
purebred sows were fed more frequently than F1 sows which could have affected the 
relationship of LFI metrics between populations.  Genetic correlation estimates are 
population specific, and selection may have emphasized other performance traits and 
possibly weakened the relationship between LFI metrics in the populations observed in the 
present study.  It is also possible that heterosis in the F1 population could have affected the 
estimate of the genetic relationship between LFI metrics in purebred and F1 populations. 
Genetic correlations between LFI metrics and reproductive performance 
 Genetic correlations between LFI metrics in purebred and F1 populations with 
NBA, LW21, and WTSI are presented in Table 10.  Generally, genetic correlations between 
LFI metrics and NBA, LW21, and WTSI were favorable, but low, and most correlations 
were not different from 0 (P > 0.05).  Genetic correlations were generally significant (P < 
0.05) between NBA, LW21, and WTSI and LFI metrics which were computed from days 1 
to 18 of lactation or during late lactation (PB3 or C2) in purebred and F1 sows.  In the 
present study genetic correlations were generally favorable and sows with the genetic 
potential for higher ARC and ADI, and lower VAR values were more likely to have the 
genetic capacity to produce larger NBA, heavier litters at weaning, and have a shorter 
WTSI. 
 Similar results were reported in previous studies.  Hermesch et al. (2008) reported 
low, but favorable, correlations between ADFI and ADI during individual weeks of 
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lactation with NBA in pigs.  Bunter et al. (2010) reported that LFI was not significantly 
correlated with NBA, but sows that had higher LFI were likely to have the genetic potential 
to wean heavier litters.  Sondergaard et al. (2002) reported a moderately favorable genetic 
correlation between daily feed intake and milk production in dairy cattle, a biological 
principle that should be present across species.  Kerr and Cameron (1996) reported that 
litter weaning weight, an adequate measure of milk production in pigs, was favorably 
correlated with higher levels of LFI, and sows that had the genetic capacity to eat more 
should have the genetic potential to wean heavier pigs.     
Bunter et al. (2009) and Bergsma et al. (2008) reported similar genetic correlations 
between litter weaning weight and LFI, but also reported that sows which had higher LFI 
would also have the genetic potential for less weight loss and less backfat mobilization 
during lactation.  Sows which mobilized fewer body reserves had shorter WTSI (Dourmad, 
1991) and the relationship between LFI and body reserve retention was genetically tied.  
This resembled the trends found in the present study that sows with genetic potential for 
higher ARC and ADI, and lower VAR metrics had a genetic predisposition for shorter 
WTSI.  Lewis and Bunter (2011b) reported favorable correlations between LFI and body 
reserve mobilization, but also found that the genetic correlation between LFI and mature 
body size was high and positive.  Sows selected for higher levels of intake would also have 
an increase in maintenance requirements due to larger mature body size, and it is possible 
that there is an optimal level of LFI.  Mackenzie and Revell (1998) suggested that low feed 
intake can inhibit milk production more so than increasing intake can enhance milk 
production, so it is possible that selection for sows which reach an optimal level of LFI may 
be ideal, rather than selection for maximum intake. 
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Though genetic correlations were low between LFI metrics and NBA, LW21, and 
WTSI it was likely that past selection for improved sow productivity had resulted in an 
indirect improvement in LFI metrics.  Selection for sows with the genetic potential for high 
levels of feed intake should result in sows with the genetic potential to raise larger, heavier 
litters, and have shorter WTSI.  However, there is likely an optimal genetic level for LFI 
metrics that will meet these production goals while maintaining a mature sow size with 
manageable maintenance requirements. 
Conclusion 
There is potential to alter the shape of the lactation feed intake curve through direct 
selection for average rate of change in intake, average daily feed intake, and variation from 
predicted lactation feed intake values during any period of lactation.  Genetic selection in 
maternal lines has focused on increasing sow productivity by increasing litter size, litter 
weight gain, and longevity, with little regard for lactation feed intake.  However, selection 
for sow productivity has likely resulted in an indirect improvement in average rate of 
change in intake, average daily feed intake, and variation from predicted value metrics.  
Since genetic correlations were generally high and favorable between lactation feed intake 
metrics, selection for a few strategically selected traits should result in positive 
improvement in most lactation feed intake metrics.  Selection may need to occur separately 
for purebred and F1 populations due to the weak relationship between lactation feed intake 
metrics between populations.  However, the inclusion of lactation feed intake metrics in a 
maternal selection index would not hinder genetic improvement in sow productivity but 
allow for simultaneous improvement in sow productivity and lactation feed intake.  Before 
lactation feed intake metrics are included in a selection index, further research is needed to 
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evaluate the genetic response in terminal performance traits and feed intake in growing 
pigs, to determine if the inclusion of lactation feed intake metrics in a selection program 
would be economically beneficial.  
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Table 1. Number of parity records and females with lactation feed intake records by breed in a study of lactation feed intake.  
   Parents of Sows with Parity Records 
Breed Parity Records Sows with Parity 
Records 
Sires Dams 
Landrace 2197 726 106 297 
Yorkshire 1587 544 115 246 
F1 a 6932 3403 153 1252 
Total 10716 4673 278b 1795 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b Yorkshire and Landrace boars were used for F1 matings. 
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Table 2. Distribution of parity records by season, parity, and lactation length in a study of 
lactation feed intake.  
Item Landrace Yorkshire F1b Total 
Seasona:      
Winter 527 396 1378 2301 
Spring 560 405 1710 2675 
Summer 566 417 1774 2757 
Fall 544 369 2070 2983 
Parity:     
1 443 336 1330 2109 
2 452 309 1298 2059 
3 367 269 1086 1722 
4 300 214 987 1501 
5 231 161 871 1263 
6 186 109 762 1057 
7 101 81 412 594 
8 66 52 136 254 
9 36 34 41 111 
10 15 22 9 46 
Lactation Length (day): 
15 60 33 655 748 
16 119 68 834 1021 
17 231 124 772 1127 
18 401 268 1526 2195 
19 611 431 2018 3060 
20 249 261 888 1398 
21 133 148 172 453 
22 87 76 33 196 
23 119 75 29 223 
24 87 42 5 134 
25 100 61 0 161 
a Winter: December, January and February; Spring: March, April and May; Summer: June, 
July and August; Fall: September, October and November. 
b F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
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Table 3. Description of lactation feed intake metrics classified in a study of lactation feed intake in 
purebred and F1a sows.  
Trait Description 
ARCPB1b Average rate of change in observed intake from days 1 to 6 in purebred litters 
ARCPB2b Average rate of change in observed intake from days 7 to 10 in purebred litters 
ARCPB3b Average rate of change in observed intake from days 11 to 18 or the last day of 
lactation if lactation length < 18 days in purebred litters 
ARCC1b Average rate of change in observed intake from days 1 to 5 in F1 litters 
ARCC2b Average rate of change in observed intake from days 6 to 18 or the last day of 
lactation if lactation length < 18 days in F1 litters 
ARCTPBb Average rate of change in observed intake from days 1 to 18 or the last day of 
lactation if lactation length < 18 days in purebred litters 
ARCTCb Average rate of change in observed intake from day 1 to 18 or the last day of 
lactation if lactation length < 18 days in F1 litters 
ADIPB1c Average observed intake from day 1 to 6 in purebred litters  
ADIPB2c Average observed intake from day 7 to 10 in purebred litters 
ADIPB3c Average observed intake from day 11 to 18 or the last day of lactation if lactation 
length < 18 days in purebred litters 
ADIC1c Average observed intake from day 1 to 5 in F1 litters 
ADIC2c Average observed intake from days 6 to 18 or the last day of lactation if lactation 
length < 18 days in F1 litters 
ADFIPBc Average daily feed intake adjusted to 21-day lactation length in purebred litters 
ADFICc Average daily feed intake adjusted to 21-day lactation length in F1 litters 
VARPB1d CV of observed intake from predicted values during day 1 to 6 in purebred litters  
VARPB2d CV of observed intake from predicted values during day 7 to 10 in purebred litters 
VARPB3d CV of observed intake from predicted values during day 11 to 18 or the last day 
of lactation if lactation length < 18 days in purebred litters 
VARC1d CV of observed intake from predicted values during day 1 to 5 in F1 litters 
VARC2d CV of observed intake from predicted values during day 5 to 18 or the last day of 
lactation if lactation length < 18 days in F1 litters 
VARTPBd CV of observed intake from predicted values during day 1 to 18 or the last day of 
lactation if lactation length < 18 days in purebred litters 
VARTCd CV of observed intake from predicted values during day 1 to 18 or the last day of 
lactation if lactation length < 18 days in F1 litters 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b  ARC is average rate of change in observed intake from the first to the last day of the specified time 
period for purebred litters (ARCPB) and F1 litters (ARCC). 
c ADI is the average value of the observed daily feed intake for the specified period in purebred litters 
(ADIPB) and F1 litters (ADIC). 
d VAR is the coefficient of variation (CV) for the difference between observed feed intake and 
predicted feed intake within the specified time period for purebred litters (VARPB) and F1 litters 
(VARC). 
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Table 4. Effects, fixed and covariates, included in the modelsa for analyses of genetic parameters for 
LFI metrics and reproductive performance in purebred and F1b populations.  
 Fixed Effectsc  Covariatesd 
Traite Breed PG Season LL  LS WW 
ARCPB1 X X X   X  
ARCPB2 X X X   X  
ARCPB3 X X X   X  
ARCC1  X X   X  
ARCC2  X X   X  
ARCT X X X X  X  
ADIPB1 X X X   X  
ADIPB2 X X X   X  
ADIPB3 X X X   X  
ADIC1  X X   X  
ADIC2  X X   X  
ADFI X X X   X  
VARPB1 X X X   X  
VARPB2 X X X   X  
VARPB3 X X X   X  
VARC1  X X   X  
VARC2  X X   X  
VART X X X X  X  
NBA X X X     
LW21   X     
WTSI X X X X   X 
a  All estimates of (co)variance were obtained with an animal model that included a random effect for 
contemporary group (herd-year-month). 
b  F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
c  Breed: Landrace, Yorkshire, or F1(Yorkshire x Landrace and Landrace x Yorkshire); PG: parity 
group (1, 2, 3 and ≥ 4); Season: Winter: December, January and February; Spring: March, April and 
May; Summer: June, July and August; Fall: September, October and November; LL: lactation length. 
d  LS: litter size after cross fostering; WW: unadjusted litter weaning weight. 
e  ARCPB1: average rate of change in intake from days 1 to 6 in purebred litters; ARCPB2: average 
rate of change in intake from days 7 to 10 in purebred litters; ARCPB3: average rate of change in 
intake from days 11 to 18 in purebred litters; ARCC1: average rate of change in intake from days 1 to 
5 in F1 litters; ARCC2: average rate of change in intake from days 6 to 18 in F1 litters; ARCT: 
average rate of change in intake from days 1 to 18, or last day of lactation if LL < 18 days in purebred 
and F1 populations; ADIPB1: average intake from day 1 to 6 in purebred litters; ADIPB2: average 
intake from days 7 to 10 in purebred litters; ADIPB3: average intake from days 11 to 18 in purebred 
litters; ADIC1: average intake from day 1 to 5 in F1 litters; ADIC2: average intake from day 6 to 18 
in F1 litters; ADFI: average daily feed intake during lactation in purebred and F1 populations; 
VARPB1: CV from days 1 to 6 in purebred litters; VARPB2: CV from days 7 to 10 in purebred 
litters; VARPB3: CV from days 11 to 18 in purebred litters; VARC1: CV from days 1 to 5 in F1 
litters; VARC2: CV from days 6 to 18 in F1 litters; VART: CV from days 1 to 18, or last day of 
lactation if LL < 18 days in purebred and F1 populations. 
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Table 5. Number of records, mean, standard deviation (SD), minimum and maximum values of 
variables measured during lactation in a study of lactation feed intake. 
Traita N Mean SD Minimum Maximum 
Parity 10716 3.52 2.07 1.00 10.00 
LL 10716 18.53 2.01 15.00 25.00 
NBA 10716 12.09 3.10 0.00 25.00 
LS 10716 11.99 1.74 3.00 22.00 
Weaned 10716 10.75 1.53 3.00 19.00 
LW21, kg 10716 82.25 11.06 28.77 126.43 
WTSI, d 9037 5.44 3.05 4.00 49.00 
ARCPB1, kg/d 3784 0.58 0.22 -0.53 1.21 
ARCPB2, kg/d 3784 0.26 0.32 -1.70 1.81 
ARCPB3, kg/d 3784 0.10 0.20 -1.13 1.25 
ARCC1, kg/d 6932 0.64 0.18 -0.64 1.00 
ARCC2, kg/d 6932 0.30 0.17 -0.37 0.94 
ARCTPB, kg/d 3784 0.37 0.10 -0.15 0.59 
ARCTC, kg/d 6932 0.43 0.12 -0.08 0.88 
ADIPB1, kg/d 3784 4.02 0.91 0.53 6.65 
ADIPB2, kg/d 3784 6.72 1.41 0.45 10.55 
ADIPB3, kg/d 3784 7.80 1.34 1.98 11.74 
ADIC1, kg/d 6932 3.84 0.69 0.00 7.71 
ADIC2, kg/d 6932 7.75 1.39 1.25 13.15 
ADFIPB, kg/d 3784 6.45 1.09 2.00 9.82 
ADFIC, kg/d 6932 6.78 1.14 1.71 11.35 
VARPB1 3784 0.22 0.20 0.03 4.92 
VARPB2 3784 0.15 0.24 0.01 10.19 
VARPB3 3784 0.14 0.13 0.01 3.36 
VARC1 6932 0.19 0.19 0.02 7.39 
VARC2 6932 0.14 0.10 0.01 1.85 
VARTPB 3784 0.16 0.10 0.04 1.48 
VARTC 6932 0.16 0.10 0.02 1.76 
a Parity: parity of sow at farrowing; LL: lactation length; NBA: number born alive; LS: litter size after 
cross fostering 24 hours post-farrowing; Weaned: number of pigs weaned; LW21: adjusted 21-day 
litter weight; WTSI: wean-to-first-service interval; ARCPB1: average rate of change in intake from 
days 1 to 6 in purebred litters; ARCPB2: average rate of change in intake from days 7 to 10 in 
purebred litters; ARCPB3: average rate of change in intake from days 11 to 18 in purebred litters; 
ARCC1: average rate of change in intake from days 1 to 5 in F1 litters; ARCC2: average rate of 
change in intake from days 6 to 18 in F1 litters; ARCTPB: average rate of change in intake from days 
1 to 18, or last day of lactation if LL < 18 days in purebred litters; ARCTC: average rate of change in 
intake from days 1 to 18, or last day of lactation if LL < 18 days  in F1 litters; ADIPB1: average 
intake from day 1 to 6 in purebred litters; ADIPB2: average intake from days 7 to 10 in purebred 
litters; ADIPB3: average intake from days 11 to 18 in purebred litters; ADIC1: average intake from 
day 1 to 5 in F1 litters; ADIC2: average intake from day 6 to 18 in F1 litters; ADFIPB: average daily 
feed intake during lactation in purebred populations; ADFIC: average daily feed intake during 
lactation in F1 litters; VARPB1: CV from days 1 to 6 in purebred litters; VARPB2: CV from days 7 
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to 10 in purebred litters; VARPB3: CV from days 11 to 18 in purebred litters; VARC1: CV from days 
1 to 5 in F1 litters; VARC2: CV from days 6 to 18 in F1 litters; VARTPB: CV from days 1 to 18, or 
last day of lactation if LL < 18 days in purebred litters; VARTC: CV from days 1 to 18, or last day of 
lactation if LL < 18 days in F1 litters.
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Table 6. Variance componenta and heritability estimates for average rate of change, average daily intake, and variation from predicted values 
metrics recorded during lactation in purebred and F1b populations. 
 σ2a  σ2e 
Traitc Mean  S.D. HPDc h2a Mean S.D. HPDd 
ARCPB1 0.02 0.01  0.01 to 0.03 0.12 0.15 0.01  0.14 to 0.16 
ARCPB2 0.02 0.01  0.01 to 0.03 0.04 0.46 0.01  0.44 to 0.48 
ARCPB3 0.01 0.01  -0.01 to 0.01 0.03 0.17 0.01  0.16 to 0.18 
ARCC1 0.02 0.01  0.02 to 0.03 0.14 0.12 0.01  0.11 to 0.13 
ARCC2 0.02 0.01  0.02 to 0.03 0.17 0.10 0.01  0.09 to 0.11 
ARCT 0.02 0.01  0.01 to 0.02  0.24 0.04 0.01  0.03 to 0.05  
ADIPB1 0.51 0.07  0.38 to 0.64 0.23 1.67 0.05  1.56 to 1.76 
ADIPB2 2.15 0.20  1.75 to 2.54 0.36 3.77 0.11  3.57 to 3.98 
ADIPB3 2.02 0.20  1.64 to 2.39 0.36 3.63 0.10  3.43 to 3.83 
ADIC1 0.13 0.22  -0.08 to 0.17 0.09 1.22 0.03  1.17 to 1.28 
ADIC2 2.11 0.12  1.87 to 2.35 0.34 4.08 0.10  3.89 to 4.63 
ADFI 1.42 0.07  1.29 to 1.54 0.37 2.42 0.05  2.33 to 2.50 
VARPB1 0.03 0.01  0.03 to 0.05  0.14 0.17 0.01  0.16 to 0.18  
VARPB2 0.02 0.01  0.02 to 0.03 0.04 0.46 0.01  0.44 to 0.49 
VARPB3 0.01 0.01  0.01 to 0.02 0.05 0.01 0.01  0.01 to 0.02 
VARC1 0.01 0.01  0.01 to 0.02 0.09 0.03 0.01  0.03 to 0.04 
VARC2 0.02 0.01  0.01 to 0.03 0.06 0.30 0.01  0.28 to 0.31 
VART 0.01  0.01   0.01 to 0.02 0.16 0.01 0.01  0.01 to 0.02 
a σ2a = direct additive genetic variance; σ2e = residual variance; h2a = direct heritability. 
b F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
c ARCPB1: average rate of change in intake from days 1 to 6 in purebred litters; ARCPB2: average rate of change in intake from days 7 to 10 in 
purebred litters; ARCPB3: average rate of change in intake from days 11 to 18 in purebred litters; ARCC1: average rate of change in intake from 
days 1 to 5 in F1 litters; ARCC2: average rate of change in intake from days 6 to 18 in F1 litters; ARCT: average rate of change in intake from days 
1 to 18, or last day of lactation if LL < 18 days  in purebred and F1 populations; ADIPB1: average intake from day 1 to 6 in purebred litters; 
ADIPB2: average intake from days 7 to 10 in purebred litters; ADIPB3: average intake from days 11 to 18 in purebred litters; ADIC1: average 
intake from day 1 to 5 in F1 litters; ADIC2: average intake from day 6 to 18 in F1 litters; ADFI: average daily feed intake during lactation in 
purebred and F1  populations, adjusted to a 21-day lactation; VARPB1: CV from days 1 to 6 in purebred litters; VARPB2: CV from days 7 to 10 in 
purebred litters; VARPB3: CV from days 11 to 18 in purebred litters; VARC1: CV from days 1 to 5 in F1 litters; VARC2: CV from days 6 to 18 in 
F1 litters; VART: CV from days 1 to 18, or last day of lactation if LL < 18 days in purebred and F1 populations. 
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d Highest posterior density (95%) interval; HPD intervals for σ2a that did not include 0 indicated the variance component estimate and 
corresponding heritability estimate were significantly different from 0 (P < 0.05). 
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Table 7.  Estimates of genetic and phenotypic correlationsa between average rate of change, average daily intake, and variation from predicted 
values in purebred sows in a study of lactation feed intake. 
Traitb ARCPB1 ARCPB2 ARCPB3 ARCT ADIPB1 ADIPB2 ADIPB3 ADFI VARPB1 VARPB2 VARPB3 VART 
ARCPB1  -0.23 -0.49 0.84* 0.96* 0.97* 0.92* 0.99* -0.65* -0.90* -0.77* -0.94* 
ARCPB2 -0.18*  0.43 0.81* -0.30 0.08 0.49* 0.26 0.03 0.07 -0.27 -0.21 
ARCPB3 -0.14* -0.08*  0.73* 0.70* 0.72* 0.47* 0.82* 0.53 0.29 -0.45* -0.62* 
ARCT 0.38* 0.16* 0.49*  0.03 0.06 0.21* 0.91* -0.57* -0.78* -0.83* -0.46* 
ADIPB1 0.61* -0.22* -0.18* 0.08*  0.90* 0.78* 0.86* -0.86* -0.79* -0.52* -0.77* 
ADIPB2 0.64* 0.01 -0.25* 0.33* 0.76*  0.94* 0.98* -0.98* -0.93* -0.77* -0.88 
ADIPB3 0.46* 0.17* -0.03 0.65* 0.54* 0.73*  0.98* -0.75* -0.86* -0.77* -0.83* 
ADFI 0.59* 0.03 0.11* 0.48* 0.76* 0.88* 0.89*  -0.79* -0.89* -0.72* -0.67* 
VARPB1 -0.36* 0.06 0.14* -0.10* -0.47* -0.38* -0.28* -0.36*  0.80* 0.55* 0.87* 
VARPB2 -0.21* -0.05 0.10* -0.17* -0.18* -0.39* -0.27* -0.29* 0.33*  0.80* 0.97* 
VARPB3 -0.10* -0.18* -0.05 -0.39* -0.06 -0.19* -0.52* -0.33* 0.18* 0.24*  0.95* 
VART -0.30* -0.13* 0.06 -0.40* -0.27* -0.45* -0.60* -0.50* 0.58* 0.62* 0.78*  
a  Genetic correlations are presented above the diagonal; Phenotypic correlations are presented below the diagonal. 
b  ARCPB1: average rate of change in intake from days 1 to 6 in purebred litters; ARCPB2: average rate of change in intake from days 7 to 10 
in purebred litters; ARCPB3: average rate of change in intake from days 11 to 18 in purebred litters; ARCT: average rate of change in intake 
from days 1 to 18, or last day of lactation if LL < 18 days in purebred and F1 populations; ADIPB1: average intake from day 1 to 6 in purebred 
litters; ADIPB2: average intake from days 7 to 10 in purebred litters; ADIPB3: average intake from days 11 to 18 in purebred litters; ADFI: 
average daily feed intake during lactation in purebred and F1 populations; VARPB1: CV from days 1 to 6 in purebred litters; VARPB2: CV 
from days 7 to 10 in purebred litters; VARPB3: CV from days 11 to 18 in purebred litters; VART: CV from days 1 to 18, or last day of 
lactation if LL < 18 days in purebred and F1 populations. 
* Indicates genetic and phenotypic correlations that were significantly different from 0 (P < 0.05), as indicated by the Highest Posterior Density 
values. 
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Table 8. Estimates of genetic and phenotypic correlationsa between average rate of change, average daily intake, and variation from 
predicted values metrics in F1b sows. 
Traitc ARCC1 ARCC2 ARCT ADIC1 ADIC2 ADFI VARC1 VARC2 VART 
ARCC1  -0.04 0.39* 0.94* 0.73* 0.75* -0.75* -0.73* -0.73* 
ARCC2 -0.17*  0.81* 0.01 0.56* 0.58* 0.07 -0.19 0.01 
ARCT 0.27* 0.83*  0.01 0.90* 0.91* -0.23 -0.53 -0.91* 
ADIC1 0.26* -0.07* 0.05  0.61* 0.70* -0.64* -0.61* -0.62* 
ADIC2 0.37* 0.43* 0.71* 0.52*  0.98* -0.17 -0.69* -0.59* 
ADFI 0.42* 0.40* 0.62* 0.50* 0.95*  -0.26* -0.74* -0.67* 
VARC1 -0.53* 0.18* -0.07* -0.39* -0.28* -0.30*  0.72* 0.85* 
VARC2 -0.27* -0.26* -0.48* -0.20* -0.57* -0.53* 0.32*  0.98* 
VART -0.39* -0.19* -0.54* -0.26* -0.58* -0.54* 0.50* 0.97*  
a  Genetic correlations are presented above the diagonal; Phenotypic correlations are presented below the diagonal. 
b   F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
c  ARCC1: average rate of change in intake from days 1 to 5 in F1 litters; ARCC2: average rate of change in intake from days 6 to 
18 in F1 litters; ARCT: average rate of change in intake from days 1 to 18, or last day of lactation if LL < 18 days  in purebred and 
F1 populations; ADIC1: average intake from day 1 to 5 in F1 litters; ADIC2: average intake from day 6 to 18 in F1 litters; ADFI: 
average daily feed intake during lactation in purebred and F1 populations; VARC1: CV from days 1 to 5 in F1 litters; VARC2: CV 
from days 6 to 18 in F1 litters; VART: CV from days 1 to 18, or last day of lactation if LL < 18 days in purebred and F1 
populations. 
* Indicates genetic and phenotypic correlations that were significantly different from 0 (P < 0.05), as indicated by the Highest 
Posterior Density values. 
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Table 9. Estimates of genetic correlations between LFI metrics recorded in purebred and F1a 
populations in a study of lactation feed intake. 
 ARC metricsb 
 ARCC1 ARCC2 ARCTC 
ARCPB1 0.05 -0.42 -0.05 
ARCPB2 0.77* 0.57* -0.15 
ARCPB3 0.75* 0.76* 0.18 
ARCTPB 0.10 0.16 0.12 
 ADI metricsc 
 ADIC1 ADIC2 ADFIC 
ADIPB1 0.16 -0.72 -0.10 
ADIPB2 0.22 0.06 0.15 
ADIPB3 0.09 0.24 -0.17 
ADFIPB 0.04 -0.24 -0.02 
 VAR metricsd 
 VARC1 VARC2 VARTC 
VARPB1 0.54 0.52 0.56 
VARPB2 0.46 -0.03 -0.09 
VARPB3 0.21 0.49 0.52 
VARTPB -0.02 -0.32 -0.28 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b ARCPB1: average rate of change in intake from days 1 to 6 in purebred litters; ARCPB2: 
average rate of change in intake from days 7 to 10 in purebred litters; ARCPB3: average rate 
of change in intake from days 11 to 18 in purebred litters; ARCC1: average rate of change in 
intake from days 1 to 5 in F1 litters; ARCC2: average rate of change in intake from days 6 to 
18 in F1 litters; ARCTPB: average rate of change in intake from days 1 to 18, or last day of 
lactation if LL < 18 days in purebred litters; ARCTC: average rate of change in intake from 
days 1 to 18, or last day of lactation if LL < 18 days  in F1 litters.  
c ADIPB1: average intake from day 1 to 6 in purebred litters; ADIPB2: average intake from 
days 7 to 10 in purebred litters; ADIPB3: average intake from days 11 to 18 in purebred 
litters; ADIC1: average intake from day 1 to 5 in F1 litters; ADIC2: average intake from day 
6 to 18 in F1 litters; ADFIPB: average daily feed intake during lactation in purebred 
populations; ADFIC: average daily feed intake during lactation in F1 litters.  
d VARPB1: CV from days 1 to 6 in purebred litters; VARPB2: CV from days 7 to 10 in 
purebred litters; VARPB3: CV from days 11 to 18 in purebred litters; VARC1: CV from 
days 1 to 5 in F1 litters; VARC2: CV from days 6 to 18 in F1 litters; VARTPB: CV from 
days 1 to 18, or last day of lactation if LL < 18 days in purebred litters; VARTC: CV from 
days 1 to 18, or last day of lactation if LL < 18 days in F1 litters. 
* Indicates the genetic correlation was significantly different from 0 (P < 0.05), as indicated 
by the Highest Posterior Density values. 
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Table 10. Estimates of genetic correlations between LFI metrics and reproductive 
performance traits recorded in purebred and F1a populations. 
Traitb NBAc LW21d WTSIe 
ARCPB1 0.16 0.13 -0.09 
ARCPB2 0.17 0.33* 0.01 
ARCPB3 0.06 0.26 0.18 
ARCC1 0.13 0.01 -0.62* 
ARCC2 0.04 0.04 -0.52* 
ARCT 0.12* 0.12* -0.19* 
ADIPB1 0.12 0.09 -0.03 
ADIPB2 0.16 0.13 0.01 
ADIPB3 0.20 0.21* 0.05 
ADIC1 0.14 0.03 -0.65* 
ADIC2 0.12* 0.07 -0.09 
ADFI 0.16* 0.13* 0.02 
VARPB1 0.19 0.03 0.06 
VARPB2 -0.30 0.14 -0.26 
VARPB3 -0.39 0.02 -0.01 
VARC1 -0.11 -0.08 0.29 
VARC2 -0.17* -0.16* 0.60* 
VART -0.11 -0.10* -0.04 
a F1 females are Yorkshire x Landrace and Landrace x Yorkshire F1 crosses. 
b ARCPB1: average rate of change in intake from days 1 to 6 in purebred litters; ARCPB2: 
average rate of change in intake from days 7 to 10 in purebred litters; ARCPB3: average rate 
of change in intake from days 11 to 18 in purebred litters; ARCC1: average rate of change in 
intake from days 1 to 5 in F1 litters; ARCC2: average rate of change in intake from days 6 to 
18 in F1 litters; ARCT: average rate of change in intake from days 1 to 18, or last day of 
lactation if LL < 18 days in purebred and F1 populations; ADIPB1: average intake from day 
1 to 6 in purebred litters; ADIPB2: average intake from days 7 to 10 in purebred litters; 
ADIPB3: average intake from days 11 to 18 in purebred litters; ADIC1: average intake from 
day 1 to 5 in F1 litters; ADIC2: average intake from day 6 to 18 in F1 litters; ADFI: average 
daily feed intake during lactation in purebred and F1 populations; VARPB1: CV from days 1 
to 6 in purebred litters; VARPB2: CV from days 7 to 10 in purebred litters; VARPB3: CV 
from days 11 to 18 in purebred litters; VARC1: CV from days 1 to 5 in F1 litters; VARC2: 
CV from days 6 to 18 in F1 litters; VART: CV from days 1 to 18, or last day of lactation if 
LL < 18 days in purebred and F1 populations. 
c NBA: Number born alive. 
d LW21: Litter weaning weight adjusted for breed, parity, litter size, and to a 21-day lactation 
length.  
e WTSI: Wean-to-first-service interval. 
* Indicates the genetic correlation was significantly different from 0 (P < 0.05), as indicated 
by the Highest Posterior Density values.
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CHAPTER 7.  ESTIMATION OF GENETIC PARAMETERS ASSOCIATED WITH 
LACTATION FEED INTAKE AND GROW-FINISH PERFORMANCE IN 
PUREBRED SOWS 
 
A paper to be submitted to Livestock Science 
 
C.L. Yoder1, C.R. Schwab2, J.S. Fix3, V.M. Duttlinger4, T.J. Baas1,5 
 
 
Abstract 
 Body weight, backfat depth, and loin muscle area were recorded on purebred 
Landrace (n = 15660) and Yorkshire (n = 14808) boars and gilts during a performance test. 
Growth rate was analyzed as days to reach 113.4 kg (DAYS), and backfat depth and loin 
muscle area were adjusted to 113.4 kg through regression on mean body weight, within 
breed, prior to analysis. Daily feed intake was recorded in parity records from purebred 
Yorkshire (n = 1587) and Landrace (n = 2197) females during day 1 to 22 of lactation. 
Lactation feed intake (LFI) curves were predicted using a mixed model which included fixed 
effects of breed, season, parity group (PG), day of lactation, interactions of day with breed 
and PG, and a covariate for litter size after cross-fostering. Random effects included litter, 
contemporary group (herd-year-month), dam, and sire. Evaluation of the difference in feed 
intake between 2 consecutive days of lactation resulted in the following 3 periods: day 1 to 6 
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 (PB1), day 7 to 10 (PB2), and day 11 to 18 (PB3). Average rate of change in intake (ARC), 
average daily intake (ADI), and variation from predicted daily LFI values (VAR) metrics 
were computed for each period. Gibbs sampling was used to estimate the genetic covariances 
between LFI metrics and grow-finish performance. Genetic covariance estimates for each 
LFI metric with adjusted backfat depth (ADJBF), adjusted loin muscle area (ADJLMA), and 
DAYS were obtained with bivariate animal models. Genetic correlations between DAYS, 
ADJBF, and ADJLMA with LFI metrics during the first parity or LFI metrics during second 
parity or greater were estimated in separate analyses. Genetic correlations between LFI 
metrics in first parity sows and performance traits ranged from -0.22 to 0.37 with ADJBF, -
0.43 to 0.06 with ADJLMA, and -0.68 to 0.16 with DAYS. Genetic correlations were 
strongest between grow-finish performance and LFI metrics in first parity sows, and were 
generally favorable. The majority of correlations between LFI metrics during second parity 
or greater and grow-finish performance were low and not significantly different from 0 (P > 
0.05). Selection for leaner, heavier muscled animals generally had a limited effect on LFI 
metrics. However, increased growth rate was associated with higher ARC and ADI values 
and smaller VAR values throughout a sow’s productive life.         
Key words: correlation, lactation, performance, swine 
Introduction 
Selection programs have focused on leanness, growth rate, and feed efficiency in 
terminal lines and commonly place some emphasis on these traits in combination with 
reproductive traits in maternal line selection indices.  Response to selection has been 
favorable and as a result the industry produces animals that efficiently produce more lean 
pork in a shorter amount of time.  However, selection for efficient lean growth has also been 
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associated with reduced appetites and lower feed intake capacity in growing pigs (Hermesch 
et al., 2000; Kanis et al., 1990), and is directly correlated with lower levels of feed intake in 
lactating sows (Kerr and Cameron, 1996).  Meanwhile, increased selection intensity for 
highly productive sows has resulted in higher milk production and maintenance costs for 
lactating sows, consequently increasing energy requirements.  Feed intake and body reserves 
are the only available sources of nutrients a sow can utilize for maintenance and milk 
production during lactation (Ball et al., 2008).  In addition lactation feed intake is frequently 
inadequate, requiring body reserves to be mobilized to maintain milk production (Noblet et 
al., 1990).  Unfortunately, direct selection for feed conversion and leanness has been 
indirectly linked to reduced intake capacity in the long term, reducing sow feed intake and 
longevity (Hermesch, 2004), while selection for efficient lean growth has resulted in leaner 
gilts and sows which have fewer body reserves available for mobilization when feed intake 
during lactation is inadequate (Cameron et al., 2002).  The inclusion of lactation feed intake 
(LFI) traits in a selection index may provide a sufficient method for improvement as several 
studies have indicated potential for increasing levels of LFI through direct selection (Yoder 
et al., 2013; Lewis and Bunter, 2011; Bunter et al., 2009; Van Erp et al., 1998).  Creating a 
selection program that includes feed efficiency, leanness, growth rate, reproductive 
performance, and adequate feed intake capacity during lactation could prove to be difficult 
and possibly ineffective.  Growth rate was favorably correlated with reproductive 
performance traits, though selection for increased lean percentage and feed efficiency was 
associated with a reduction in reproductive performance (Rdyhmer et al., 1995; Hutchens et 
al., 1981).  Gilts selected for efficient lean growth had fewer body reserves available when 
feed intake was inadequate, which resulted in lighter weaning weights and longer wean-to-
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service intervals when body reserves were mobilized to meet nutrient requirements (Lewis 
and Bunter, 2011).  Levels of feed intake during lactation significantly affect reproductive 
performance, and prior to inclusion in a selection program, the genetic relationships between 
grow-finish performance traits and measures of LFI need to be further evaluated to better 
understand potential indirect responses to selection.  The objective of the present study was 
to estimate genetic and phenotypic correlations between performance traits measured during 
a performance test and metrics that define LFI curves in purebred sows. 
Materials and methods 
Animals and data collection 
Performance data utilized in the present study was collected on purebred Yorkshire 
and Landrace boars and gilts (n = 30468) beginning in January 2000.  Distribution of 
performance records by breed and sex within each breed is summarized in Table 1.  During a 
performance test body weight, backfat depth and loin muscle area at the 10th rib were 
measured at approximately 166.5 ± 8.9 days of age.  Backfat depth and loin muscle area at 
the 10th rib were evaluated through use of real-time cross sectional ultrasound measurements 
using an Aloka model 500V real-time ultrasound machine, Corometrics Medical Systems, 
Wallingford, CT (Newcom et al., 2002).  Prior to analysis, backfat depth and loin muscle 
area were adjusted to 113.4 kg body weight using regression of each trait on body weight 
recorded during a performance test, within breed.  Growth was expressed as number of days 
to reach 113.4 kg (DAYS) using regression formulas recommend by NSIF (1997).           
Daily lactation feed intake records (LFI) in 10716 parity records were collected from 
purebred Yorkshire, purebred Landrace, and Landrace x Yorkshire or Yorkshire x Landrace 
F1 females.  Data were recorded from sows in 3 production units representing a nucleus, 
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multiplier, and commercial farm within the same genetic system from January 2007 through 
March 2011.  Parity records from sows of parity greater than 10 or lactation length (LL) less 
than 15 days or more than 25 days were removed from the data set.  However, in the present 
study test data were not measured on F1 animals, thus feed intake data from F1 sows were 
not included in the genetic analysis in the present study.  Number of parity records by breed, 
sows with parity records, and sires and dams with daughters that had parity records in the 
purebred population are presented in Table 2.  Distribution of parity records for each parity, 
season, and lactation length (LL) in Landrace and Yorkshire sows is summarized in Table 3. 
Collection of daily LFI records began post farrowing on sows housed in individual 
stalls in a totally enclosed, confinement environment.  Purebred sows were hand fed 5 times 
per day.  To calculate daily intake, remaining feed was estimated the following morning and 
subtracted from the previous day’s total.  Sows were fed to appetite with increased feed 
availability when sows ate all feed provided the previous feeding.  Within 24 hours of 
farrowing, pigs were cross-fostered to balance litters for number of pigs nursed.  Litter size 
(LS) was recorded as the number of pigs nursing after cross-fostering occurred.  Number of 
pigs weaned and litter weaning weight were recorded at time of weaning.  After weaning, 
sows were moved to individual gestation stalls and wean-to-first-service interval (WTSI) was 
recorded on sows that remained in the breeding herd. 
Statistical analysis 
Lactation feed intake curves were predicted for both purebred and F1 populations.  
However, performance data were not collected on F1 gilts during performance testing and 
thus, estimating the genetic relationship between grow-finish performance traits and LFI 
metrics in F1 sows falls outside the scope of this study.  From this point forward the focus 
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will be on the relationship between metrics of feed intake curves in purebred sows and 
performance data collected on purebred boars and gilts. 
Predicted values for daily LFI were estimated with a mixed model using the 
HPMIXED procedure in SAS (SAS Inst. Inc., Cary, NC).  Due to a low number of records 
that exceeded 22 days of LFI, only day 1 through 22 of lactation were used for prediction of 
daily LFI values.  The model for observed daily LFI included fixed effects of breed, season 
(Winter: December, January and February; Spring: March, April and May; Summer: June, 
July and August; Fall: September, October and November), parity group (PG), day of 
lactation, interactions of day of lactation with breed and PG, and a covariate of LS. Random 
effects of litter, contemporary group (herd-year-month), dam, and sire nested within breed 
were included.  The initial analysis included parity as a fixed effect; however, there were no 
significant differences (P > 0.05) in daily LFI values beyond parity 4 and the final prediction 
model included the following 4 PG: parity 1, 2, 3 and ≥ 4.  Least squares means for the 
interaction of day and breed were used to quantify LFI curves through day 22 of lactation.  
Lactation feed intake curves were classified into significant periods of intake based 
on the shape of the LFI curves and the rate of change in intake between 2 consecutive days 
throughout lactation.  Difference in intake between 2 consecutive days was analyzed utilizing 
the same mixed model for prediction of daily LFI values.  Yorkshire and Landrace LFI 
curves were not different (P > 0.05) and were summarized together as a single purebred 
population.  Contrast of LS means for day-to-day change in intake resulted in classification 
of the LFI curve into 3 different periods of intake for purebred sows: day 1 to 6 (PB1), day 7 
to 10 (PB2), day 11 to 18 (PB3).  Yoder et al. (2012) gives a detailed explanation of analyses 
used for prediction of daily LFI and LFI period classification in purebred and F1 populations. 
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 A description of each LFI metric evaluated in the present study is presented in Table 
4.  Values for average daily rate of change in intake (ARC) from the first day of each period 
of lactation to the last day of that period, average daily intake (ADI), and the coefficient of 
variation (CV) of daily observed LFI values from predicted daily LFI values (VAR) were 
estimated for each period of lactation, and over the entire lactation.  Variation metrics were 
estimated as the standard deviation of the difference in daily observed LFI values from daily 
predicted LFI values divided by mean observed LFI during the corresponding period of 
lactation.   
Litter weaning weight was adjusted for breed, parity, LS, and to a 21-day lactation 
length (LW21).  Wean-to-first-service interval (WTSI) followed a normal distribution but 
represented a narrow range and due to limited observations at the tails of the distribution, 
values for WTSI ≤ 4 days were classified as 4 days and WTSI ≥ 9 days were classified as 9 
days. These categories were similar to groups used by Tantasuparuk et al. (2000).  Wean-to-
first-service interval was analyzed as a normally distributed, continuous variable.  Yoder et 
al. (2012) for a detailed description of statistical analyses used to predict LFI curves, classify 
LFI curves into periods of significantly different levels of intake during lactation, and 
estimation of the phenotypic relationship between LFI metrics and reproductive performance. 
Genetic (co)variance estimation 
 Covariance components were estimated by Bayesian inference via Gibbs sampling.  
The GIBBS2f90 program (Misztal, 1999) was used for analyses of all covariance 
components between continuous variables.  Phenotypic covariance estimates were utilized as 
priors for genetic and environmental covariances in each analysis (Rydhmer et al., 2001).  
All analyses were completed with a total chain length of 100000 single round cycles.  The 
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first 40000 cycles were regarded as the burn-in period and were discarded.  Every 10th 
iteration thereafter was stored to generate 6000 samples which were included in the posterior 
distribution.  Post-Gibbs analyses used the POSTGIBBSF90 program (Misztal et al., 2002) to 
estimate the mean covariance and highest posterior density (HPD) from their respective 
posterior distributions.  Highest posterior density was evaluated to determine the level of 
significance of each covariance estimate (Box and Tiao, 1992), and an HPD that did not 
include 0 indicated the covariance estimate was significantly different from 0 (P < 0.05).  
Means of the posterior distribution were subsequently used for computation of genetic 
correlations associated with LFI metrics and performance traits measured during a 
performance test.  All covariance components between LFI metrics and performance traits 
measured during a performance test were estimated with bivariate animal models utilizing all 
known relationships.  The complete pedigree data file included 30607 animals beginning in 
January 2000.   
 Models utilized in evaluation of genetic covariances which included LFI metrics or 
traits measuring reproductive performance were adapted from models used in phenotypic 
evaluation (Yoder et al., 2012) and are provided in Table 5.  Season was included in all 
models and PG was included in all models except for LW21, which was adjusted for parity 
prior to analysis.  Lactation length was included in models for LFI metrics which were 
computed over the duration of the lactation, except for ADFI, which was adjusted to a 21-day 
LL prior to analyses.  Litter size after cross-fostering was included as a covariate for all LFI 
metrics, and unadjusted weaning weight (WW) was included as a covariate in the model for 
WTSI.  All models included an additional random effect of contemporary group (herd-year-
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month).  The effects included in models for each LFI metric (Table 5) were included in all 
analyses involving each specific trait.   
 Prior to analysis backfat depth and loin muscle area at the 10th rib were adjusted to 
113.4 kg body weight using regression of the trait on body weight recorded during a 
performance test, within breed.  Growth rate, expressed as number of days to reach 113.4 kg 
(DAYS), was adjusted for body weight using regression formulas recommend by NSIF.  
Fixed effects of breed and sex, and a random effect of contemporary group (herd-year-
month), which indicated when performance traits were measured during a performance test, 
were included in models used to evaluate the genetic correlations involving ADJBF, 
ADJLMA, and DAYS.  Phenotypic correlations between performance traits measured during 
a performance test with reproductive performance and LFI metrics were estimated as Pearson 
correlation coefficients.    
Results and Discussion 
 Descriptive statistics for parity, LL, reproductive performance, grow-finish 
performance and LFI metrics in purebred sows are presented in Table 6.  Variance 
components and heritability estimates for LFI metrics were previously evaluated and 
reported by Yoder et al. (2013).  Genetic covariance and correlation estimates between 
different LFI metrics and between LFI metrics and reproductive performance were also 
previously reported and discussed (Yoder et al., 2013). 
Genetic correlations between LFI metrics and grow-finish performance 
 Genetic and phenotypic correlations between LFI metrics in parity 1 sows, 
reproductive performance in parity 1 sows, and ADJBF, ADJLMA, and DAYS are presented 
in Table 7.   Generally, genetic correlations were low but favorable.  Adjusted backfat depth 
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was favorably correlated with ADI and VAR metrics throughout lactation, while ADJBF was 
favorably correlated with ARCPB1 and ARCTPB, but unfavorably correlated with ARCPB2 
and ARCPB3.  Similarly, selection for heavier muscled pigs was associated with higher ADI 
levels and lower VAR levels throughout each period of lactation.  Adjusted loin muscle area, 
however, was unfavorably correlated with ARC metrics throughout lactation.  Genetic 
correlations for DAYS with ADI and ARC metrics were moderate to high (P < 0.05), 
negative, and favorable.  Selection for faster growth was associated with higher ADI levels 
and higher ARC levels throughout lactation, however faster growing gilts generally had 
higher VARPB1 and VARPB2 levels, but lower VARPB3 levels during the first parity.  
Genetic correlations between ADJBF, ADJLMA, and DAYS and LFI metrics in parity 1 
sows revealed both favorable and unfavorable relationships of varying strength.  However, 
most genetic correlations indicated a favorable relationship between performance measured 
during a performance test and LFI metrics.  Phenotypic correlations, though weaker, tended 
to follow similar trends as the genetic correlations.   
 The genetic and phenotypic correlations between ADJBF, ADJLMA, DAYS and LFI 
metrics that were recorded in parity records from sows of parity 2 or greater are presented in 
Table 8.  Genetic correlations generally followed the same trend in parities ≥ 2 that were 
reported in parity 1 sows.  However, the strength of the correlations was weaker in parities ≥ 
2 than in parity 1, and fewer correlations were significantly different from 0 (P < 0.05).  
Genetic correlations between DAYS and LFI metrics in parity ≥ 2 continued to be favorable, 
with the exception of ARCPB3, but were low to moderate and weaker than correlations 
found in parity 1 sows.  Gilts selected for larger ADJLMA had favorable correlations with 
ARC and VAR metrics, but were unfavorably correlated with ADI metrics throughout 
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lactation, opposite of the favorable correlations with ADI metrics in parity 1 sows.  None of 
the genetic correlations between ADJBF and LFI metrics were significant (P < 0.05), though 
they followed the same trend reported in parity 1 sows.  In the present study genetic 
correlations between DAYS and LFI metrics were the strongest and most favorable, and the 
general strength and direction of these correlations remained consistent beyond parity 1 and 
throughout a sow’s productive life.  Numerous studies have evaluated the relationship 
between grow-finish performance and average daily feed intake during lactation, though LFI 
metrics defining the shape of the LFI curves have not previously been reported.     
 Selection for leaner pigs was generally associated with a reduction in appetite, feed 
intake, and feed intake capacity along with improved feed conversion ratio in the growing 
pig (Schulze et al., 2002; Hermesch et al., 2000, Kanis et al., 1990).  Unfortunately, a 
reduction in feed intake in the growing pig has also been found to be highly correlated with 
reduced feed intake levels in lactating sows (Bunter et al., 2005; van Erp et al., 1998).  
However, results in the present study indicate that the relationship between reduced backfat 
depth and decreasing feed intake levels did not have a negative effect on LFI levels.  Lewis 
and Bunter (2011) also reported favorable, but weak, genetic and phenotypic correlations 
between reduced backfat depth measured during a performance test and ADFI during 
lactation in parity 1 sows and ADFI in subsequent parities.  Bunter et al. (2007) reported that 
decreased backfat depth was genetically correlated with reduced feed intake levels during the 
grow-finish phase, but was favorably correlated with ADFI levels during lactation.  Sauber et 
al. (1998) reported that ADFI levels were higher when measured during every 5-day interval 
throughout lactation in animals selected for lean growth compared to ADFI from gilts in a 
control line.  Similarly, Revell et al. (1998) reported that fatter sows ate less during lactation 
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and utilized more body reserves to provide nutrients to the litter.  Bunter et al. (2010) also 
reported a negative and weak, but favorable, genetic correlation between backfat depth 
measured during a performance test and the level of ADFI during lactation in parity 1 sows.  
However, sows with less backfat depth at a performance test were less likely to remain in the 
herd for multiple litters.  Previous studies indicated that selection for reduced backfat depth 
should not negatively affect LFI, but have a positive effect on feed intake levels during 
lactation, though magnitude of the response may vary.   
Selection for reduced backfat depth or feed efficiency generally results in a favorable 
response in the other trait.  However, selection for reduced backfat depth and improved feed 
efficiency had the opposite effect on feed intake levels during lactation.  Selection focused on 
reducing feed conversion ratio, commonly associated with reduced backfat levels, rather than 
on improved lean gain would likely have an unfavorable effect on ADFI during lactation.  
Gilbert et al. (2012) reported selection for residual feed intake in the growing pig was 
associated with sows that had significantly lower levels of feed intake during lactation.  
Cameron et al. (2002) reported selection for improved feed conversion ratio was genetically 
associated with reduced feed intake levels and increased mobilization of body reserves 
during lactation. 
 In the present study, genetic correlations between ADJLMA with ADI and VAR 
metrics were favorable, but correlations with ARC metrics in parity 1 sows were 
unfavorable.  Previous studies also reported that ADFI during lactation was favorably 
correlated with increasing muscle depth in the growing pig.  Lewis and Bunter (2011) 
reported favorable, genetic and phenotypic correlations, though they were weak, between 
ADJLMA measured during a performance test and ADFI during lactation in parity 1 sows 
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and in subsequent parities.  Bunter et al. (2007) also reported a favorable trend in genetic 
correlations between muscle depth during a performance test and ADFI during lactation. 
 Generally, backfat depth and growth rate were unfavorably correlated (Schulze et al., 
2002; Hermesch et al., 2000), but both traits seemed to be favorably correlated with feed 
intake during lactation.  Animals that grew faster also had a tendency to have larger appetites 
and eat more during a performance test (Hermesch et al., 2000; Kanis et al., 1990), and that 
trend likely continued throughout a sow’s productive life.  In the present study, genetic and 
phenotypic correlations between LFI metrics and DAYS were the strongest and mostly 
favorable for all metrics in each period of lactation.  Bunter et al. (2007) also reported a 
strong, positive, and favorable genetic correlation between average daily gain in growing 
gilts and ADFI during lactation.  Similarly, Hermesch et al. (2008) reported a strong 
relationship between average daily gain and lifetime ADFI during lactation.  Lewis and 
Bunter (2011) reported a strong and favorable correlation between average daily gain during 
a performance test and ADFI during lactation in parity 1 sows.  A favorable correlation, 
though not as strong, was also reported between average daily gain and ADFI in sows of 
parity 2 or greater in the same study.   
 Selection for ADJBF, ADJLMA, and DAYS will likely have a mixed effect on LFI 
metrics, however the majority of genetic and phenotypic correlations suggest a favorable 
relationship.  Reducing ADJBF and increasing ADJLMA generally had a favorable impact 
on ADI and VAR metrics, but were unfavorably correlated with ARC metrics.  However, 
DAYS was strongly and favorably correlated with ARC, ADI, and VAR metrics in all sows 
independent of parity.  Selection for reduced DAYS should provide the most favorable and 
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consistent response in LFI metrics throughout a sow’s productive lifetime, while selection for 
ADJBF and ADJLMA should produce a positive response in most LFI metrics.  
Genetic correlations between reproductive and grow-finish performance 
 Genetic and phenotypic correlations between reproductive performance in parity 1 
sows with ADJBF, ADJLMA, and DAYS are presented in Table 7, and correlations 
involving reproductive performance in parities 2 or greater are presented in Table 8.  Genetic 
correlations associated with ADJBF and DAYS indicated that leaner and faster growing gilts 
tended to have more NBA, shorter WTSI, but lighter litters at weaning.  However, all 
correlations were low and very few were significantly different from 0 (P < 0.05).  Genetic 
correlations between reproductive performance and ADJLMA were opposite of the 
correlations with reproductive performance and ADJBF and DAYS.  Correlations indicated 
that heavier muscled parity 1 gilts were likely to have fewer NBA, longer WTSI, but heavier 
ADJWW.  These genetic relationships were the same in parity ≥ 2 sows.   
 Similar to this study, the relationship between grow-finish performance and 
reproductive performance in previous studies varies.  Selection for leaner, faster growing 
animals had previously been reported to have a positive effect on reproductive performance, 
while some studies have reported negative effects.  Rauw et al. (1998) suggested that 
selection for efficient lean growth would likely have undesirable side effects on reproductive 
performance in livestock.  Hutchens et al. (1981) reported that growing pigs with higher 
average daily gain reached puberty sooner and were genetically predisposed to wean heavier 
litters, but gilts that were leaner took longer to reach puberty, and were able to wean heavy 
litters.  Rydhmer et al. (1992) also reported that faster growing gilts weaned heavier litters, 
however they also farrowed smaller litters during the first parity.  Contrary to tendencies 
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found in the population evaluated in the present study, Nelson et al. (1990) reported that 
leaner gilts had lower sow productivity indices and weaned lighter litters.  They also 
farrowed fewer number born alive, a trend which continued in each parity of a sow’s 
productive lifetime.  Holm et al. (2004) reported similar relationships; selection for increased 
percent lean was associated with gilts that produced smaller litters throughout their 
productive life but had shorter WTSI.  Similar to the present study Serenius and Stalder 
(2004) reported that the correlations between average daily gain and backfat depth in the 
growing pig and reproductive performance were nearly 0.  Hermesch (2010) also reported 
that the relationship between average daily gain and muscle depth in the growing pig was not 
significantly related to NBA or litter weight gain (P > 0.05), but gilts which were fatter 
tended to farrow larger litters that were lighter at weaning than litters farrowed by leaner 
gilts.  Bunter et al. (2010) reported that genetic correlations between backfat depth, muscle 
depth, and average daily gain in the growing pig with reproductive performance were weak 
and not different from 0 (P > 0.05).  Gilts which were leaner had smaller number born alive 
but weaned heavier litters.  However, gilts which had deposited more muscle and grew faster 
farrowed more NBA and weaned lighter litters.   
 A common theme in all previous studies was that the genetic relationship between 
grow-finish performance traits and reproductive performance measures were weak and 
generally the values was not significantly different from zero.  Unfortunately, trends between 
different grow-finish performance traits and reproductive performance were not cohesive and 
the variation between these relationships may cause concern when developing a selection 
index.  However, given the weak relationships found in the present study, and varying results 
in previous studies, conclusive relationships cannot be reported.           
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Conclusion 
Previous studies have shown that there is potential to alter the shape of the lactation 
feed intake curve through direct selection for average rate of change in intake, average daily 
feed intake, and variation from predicted lactation feed intake values during each period of 
lactation.  Similarly, studies have shown that selection for sow productivity has likely 
resulted in an indirect improvement in average rate of change in intake, average daily feed 
intake, and variation from predicted value metrics, and selection for a few strategically 
selected traits should result in positive improvement in most lactation feed intake metrics.  
However, selection occurs before any lactation feed intake metrics or measures of sow 
productivity can be evaluated, which increases the need for emphasis on performance traits 
that can be measured on individual animals prior to selection.  The relationship between 
grow-finish performance and lactation feed intake levels had been previously studied, and 
similar results were found in the present study.  The genetic correlations between backfat 
depth and loin muscle area with LFI metrics were weak, but generally favorable, while the 
genetic correlations between days to reach 113.4 kg and LFI metrics were also favorable but 
generally stronger.  Continued selection for decreased backfat depth and larger loin muscle 
area should have a minimal effect on lactation feed intake levels, but any impact would 
generally be positive.  Selection for fewer days to reach 113.4 kg would generate the largest 
and most favorable indirect response in feed intake metrics during lactation.  Meanwhile, the 
inclusion of lactation feed intake metrics in a selection index would not inhibit improvement 
in grow-finish traits and should provide a favorable response in growing pigs.  However, 
further research is needed to determine the relationship between lactation feed intake metrics, 
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feed intake, and feed efficiency in growing pigs as well as quantifying the economic benefits 
of including lactation feed intake metrics in a selection program.  
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Table 1. Number of animals with performance recordsa by breed and sex in a study of lactation feed intake.  
    Parents of animals with performance 
records 
Breed N Boars Gilts Sires Dams 
Landrace 15660 2102 13540 178 893 
Yorkshire 14808 3052 11756 159 780 
Total 30468 5172 25296 437 1673 
a Performance data was collected prior to selection at approximately 166.5 days of age. 
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Table 2. Number of parity records and females with lactation feed intake records by breed in a study of lactation feed intake.  
   Parents of Sows with Parity Records 
Breed Parity Records Sows with Parity 
Recordsa 
Sires Dams 
Landrace 2197 726 106 297 
Yorkshire 1587 544 115 246 
Total 3784 1270 221 543 
a Multiple parity records were obtained for sows which remained in the breeding herd for multiple lactations. 
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Table 3. Distribution of parity records by season, parity, and lactation length by breed in a 
study of lactation feed intake.  
Item Landrace Yorkshire Total 
Seasona      
Winter 527 396 
405 
417 
369 
923 
Spring 560 1065 
Summer 566 983 
Fall 544 913 
Parity     
1 443 336 
309 
269 
214 
161 
109 
81 
52 
34 
22 
779 
2 452 761 
3 367 636 
4 300 514 
5 231 392 
6 186 295 
7 101 182 
8 66 118 
9 36 70 
10 15 37 
Lactation Length (day) 
15 60 33 
68 
124 
268 
431 
261 
148 
76 
75 
42 
61 
93 
16 119 187 
17 231 355 
18 401 669 
19 611 1042 
20 249 510 
21 133 281 
22 87 165 
23 119 194 
24 87 129 
25 100 161 
a Winter: December, January and February; Spring: March, April and May; Summer: June, 
July and August; Fall: September, October and November. 
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Table 4. Description of lactation feed intake metrics classified in a study of lactation feed 
intake in purebred Yorkshire and Landrace sows.  
Trait Description 
ARCPB1a Average rate of change in observed intake from days 1 to 6  
ARCPB2a Average rate of change in observed intake from days 7 to 10  
ARCPB3a Average rate of change in observed intake from days 11 to 18 or the last 
day of lactation if lactation length < 18 days  
ARCTPBa Average rate of change in observed intake from days 1 to 18 or the last day 
of lactation if lactation length < 18 days  
ADIPB1b Average observed intake from day 1 to 6  
ADIPB2b Average observed intake from day 7 to 10  
ADIPB3b Average observed intake from day 11 to 18 or the last day of lactation if 
lactation length < 18 days  
ADFIPBb Average daily feed intake adjusted to 21-day lactation length  
VARPB1c CV of observed intake from predicted values from day 1 to 6  
VARPB2c CV of observed intake from predicted values from day 7 to 10  
VARPB3c CV of observed intake from predicted values from day 11 to 18 or the last 
day of lactation if lactation length < 18 days  
VARTPBc CV of observed intake from predicted values from day 1 to 18 or the last 
day of lactation if lactation length < 18 days  
a  ARC is average rate of change in observed intake from the first to the last day of the 
specified time period in purebred Yorkshire and Landrace litters (ARCPB). 
b ADI is the average value of the observed daily feed intake for the specified period in 
purebred Yorkshire and Landrace litters (ADIPB). 
c VAR is the coefficient of variation (CV) for the difference between observed feed intake 
and predicted feed intake within the specified time period in purebred Yorkshire and 
Landrace litters (VARPB). 
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Table 5. Main effects and covariates included in modelsa for analyses of genetic parameters 
involving LFI metrics and reproductive performance traits in purebred sows.  
 Fixed Effectsb  Covariatesc 
Traitd Breed PG Season LL  LS WW 
ARCPB1 X X X   X  
ARCPB2 X X X   X  
ARCPB3 X X X   X  
ARCTPB X X X X  X  
ADIPB1 X X X   X  
ADIPB2 X X X   X  
ADIPB3 X X X   X  
ADFIPB X X X   X  
VARPB1 X X X   X  
VARPB2 X X X   X  
VARPB3 X X X   X  
VARTPB X X X X  X  
NBA X X X     
LW21   X     
WTSI X X X X   X 
a  All estimates of covariance were obtained with an animal model that included a random 
effect for contemporary group (herd-year-month). 
b  Breed: Landrace or Yorkshire; PG: parity group (1, 2, 3 and ≥ 4); Season: Winter: 
December, January and February; Spring: March, April and May; Summer: June, July and 
August; Fall: September, October and November; LL: lactation length. 
c  LS: litter size after cross fostering; WW: unadjusted litter weaning weight. 
d  ARCPB1: average rate of change in intake from days 1 to 6 of lactation; ARCPB2: average 
rate of change in intake from days 7 to 10 of lactation; ARCPB3: average rate of change in 
intake from days 11 to 18 of lactation; ARCTPB: average rate of change in intake from days 
1 to 18, or last day of lactation if LL < 18 days; ADIPB1: average intake from day 1 to of 
lactation; ADIPB2: average intake from days 7 to 10 of lactation; ADIPB3: average intake 
from days 11 to 18 of lactation; ADFIPB: average daily feed intake during lactation; 
VARPB1: CV from days 1 to 6 of lactation; VARPB2: CV from days 7 to 10 of lactation; 
VARPB3: CV from days 11 to 18 of lactation; VARTPB: CV from days 1 to 18, or last day 
of lactation if LL < 18 days. 
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Table 6. Number of records, mean, standard deviation (SD), minimum and maximum values of 
variables measured during a lactation feed intake study in purebred Yorkshire and Landrace 
sows. 
Traita N Mean SD Minimum Maximum 
Parity 3784 3.49 2.17 1.00 10.00 
LL 3784 19.43 2.29 15.00 25.00 
NBA 3784 11.45 3.17 0.00 22.00 
LS 3784 11.33 1.80 3.00 20.00 
Weaned 3784 9.80 1.56 3.00 14.00 
LW21, kg 3784 82.03 10.78 28.77 113.50 
WTSI, d 2998 6.18 3.76 4.00 49.00 
ADJBF, mm 30468 14.48 4.06 4.06 50.55 
ADJLMA, cm2 30468 46.84 4.32 32.84 64.97 
DAYS, d 30468 165.15 13.51 135.00 198.00 
ARCPB1, kg/d 3784 0.58 0.22 -0.53 1.21 
ARCPB2, kg/d 3784 0.26 0.32 -1.70 1.81 
ARCPB3, kg/d 3784 0.10 0.20 -1.13 1.25 
ARCTPB, kg/d 3784 0.37 0.10 -0.15 0.59 
ADIPB1, kg/d 3784 4.02 0.91 0.53 6.65 
ADIPB2, kg/d 3784 6.72 1.41 0.45 10.55 
ADIPB3, kg/d 3784 7.80 1.34 1.98 11.74 
ADFIPB, kg/d 3784 6.45 1.09 2.00 9.82 
VARPB1 3784 0.22 0.20 0.03 4.92 
VARPB2 3784 0.15 0.24 0.01 10.19 
VARPB3 3784 0.14 0.13 0.01 3.36 
VARTPB 3784 0.16 0.10 0.04 1.48 
a Parity: parity of sow at farrowing; LL: lactation length; NBA: number born alive; LS: litter size 
after cross fostering 24 hours post-farrowing; Weaned: number of pigs weaned; LW21: adjusted 
21-d litter weight; WTSI: wean-to-first-service interval; ADJBF: adjusted backfat depth; 
ADJLMA: adjusted loin muscle area; DAYS: days to 113.4 kg; ARCPB1: average rate of change 
in intake from days 1 to 6 of lactation; ARCPB2: average rate of change in intake from days 7 to 
10 of lactation; ARCPB3: average rate of change in intake from days 11 to 18 of lactation; 
ARCTPB: average rate of change in intake from days 1 to 18, or last day of lactation if LL < 18 
days; ADIPB1: average intake from day 1 to 6 of lactation; ADIPB2: average intake from days 7 
to 10 of lactation; ADIPB3: average intake from days 11 to 18 of lactation; ADFIPB: average 
daily feed intake during lactation; VARPB1: CV from days 1 to 6 of lactation; VARPB2: CV 
from days 7 to 10 of lactation; VARPB3: CV from days 11 to 18 of lactation; VARTPB: CV 
from days 1 to 18, or last day of lactation if LL < 18 days.
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Table 7. Estimates of genetic and phenotypic correlations between performance traits recorded on 
purebred Yorkshire and Landrace boars and gilts during a performance test and subsequent 
lactation feed intake metrics recorded in first parity gilts. 
  ADJBFb  ADJLMAc  DAYSd 
Traita  rge rpf  rge rpf  rge rpf 
ARCPB1  -0.09 -0.06  0.06 -0.01  -0.34* -0.06 
ARCPB2  0.37* 0.02  -0.43* 0.01  0.02 0.01 
ARCPB3  0.08 -0.02  -0.19 -0.04  -0.71* -0.02 
ARCTPB  -0.16 -0.03  -0.22 -0.07  -0.40* -0.06 
ADIPB1  -0.05 -0.07  0.05 0.02  -0.44* -0.10** 
ADIPB2  -0.22 -0.10**  0.18 -0.01  -0.48* -0.13** 
ADIPB3  -0.08 -0.02  -0.09 0.01  -0.50* -0.13** 
ADFIPB  -0.19* -0.08**  0.01 0.01  -0.68* -0.17** 
VARPB1  -0.14 -0.04  -0.32* 0.06  -0.27* -0.07 
VARPB2  0.03 0.01  0.16 0.02  -0.32* -0.04 
VARPB3  -0.11 -0.07  -0.16* 0.03  0.16 0.05 
VARTPB  0.02 -0.05  0.04 0.04  0.01 0.01 
NBA  -0.07 -0.05  -0.07 0.01  -0.55* -0.15** 
ADJWW  0.15 -0.05  0.35 0.02  0.13 -0.01 
WTSI  0.01 0.06  0.07 -0.02  0.08* 0.04 
a ARCPB1: average rate of change in intake from days 1 to 6 of lactation; ARCPB2: average rate 
of change in intake from days 7 to 10 of lactation; ARCPB3: average rate of change in intake 
from days 11 to 18 of lactation; ARCTPB: average rate of change in intake from days 1 to 18, or 
last day of lactation if LL < 18 days; ADIPB1: average intake from day 1 to 6 of lactation; 
ADIPB2: average intake from days 7 to 10 of lactation; ADIPB3: average intake from days 11 to 
18 of lactation; ADFIPB: average daily feed intake during lactation; VARPB1: CV from days 1 
to 6 of lactation; VARPB2: CV from days 7 to 10 of lactation; VARPB3: CV from days 11 to 18 
of lactation; VARTPB: CV from days 1 to 18, or last day of lactation if LL < 18 days. 
b ADJBF: Adjusted backfat depth. 
c ADJLMA: Adjusted loin muscle area.  
d DAYS: Days to reach 113.4 kg. 
e  rg: Genetic correlation between traits. 
f  rp: Phenotypic correlation between traits. 
* Indicates the genetic correlation was significantly different from 0 (P < 0.05), as indicated by 
the Highest Posterior Density values. 
** Indicates the phenotypic correlation was significantly different from 0 (P < 0.05). 
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Table 8. Estimates of genetic and phenotypic correlations between performance traits recorded on 
purebred Yorkshire and Landrace boars and gilts during a performance test and subsequent 
lactation feed intake metrics recorded in parity 2, or greater, sows. 
  ADJBFb  ADJLMAc  DAYSd 
Traita  rge rpf  rge rpf  rge rpf 
ARCPB1  -0.04 -0.15**  -0.12 0.01  -0.33* -0.12** 
ARCPB2  0.07 0.05**  0.34 0.04  -0.21 0.01 
ARCPB3  0.17 0.06**  0.35* 0.01  0.23 0.03 
ARCTPB  -0.03 -0.04**  0.07 0.03  -0.44* -0.06** 
ADIPB1  -0.05 -0.16**  0.02 0.02  -0.10 -0.12** 
ADIPB2  -0.05 -0.17**  -0.08 0.05  -0.28* -0.14** 
ADIPB3  -0.04 -0.13**  -0.10 0.05  -0.34* -0.12** 
ADFIPB  -0.05 -0.16**  -0.08 0.04  -0.24* -0.16** 
VARPB1  0.04 0.03  -0.26 -0.06**  0.06 -0.01 
VARPB2  -0.08 0.02  -0.02 -0.03  0.15 0.01 
VARPB3  0.02 0.01  -0.17 -0.04  0.16 0.01 
VARTPB  0.01 0.01  -0.12 -0.05**  0.23* 0.01 
NBA  -0.07 -0.04  -0.03 0.02  -0.16* -0.04 
ADJWW  0.24 0.03  0.05 0.03  0.20 0.02 
WTSI  0.01 0.04  0.05 0.03  0.07 0.08 
a ARCPB1: average rate of change in intake from days 1 to 6 of lactation; ARCPB2: average rate 
of change in intake from days 7 to 10 of lactation; ARCPB3: average rate of change in intake 
from days 11 to 18 of lactation; ARCTPB: average rate of change in intake from days 1 to 18, or 
last day of lactation if LL < 18 days; ADIPB1: average intake from day 1 to 6 of lactation; 
ADIPB2: average intake from days 7 to 10 of lactation; ADIPB3: average intake from days 11 to 
18 of lactation; ADFIPB: average daily feed intake during lactation in purebred populations; 
VARPB1: CV from days 1 to 6 of lactation; VARPB2: CV from days 7 to 10 of lactation; 
VARPB3: CV from days 11 to 18 of lactation; VARTPB: CV from days 1 to 18, or last day of 
lactation if LL < 18 days. 
b ADJBF: Adjusted backfat depth. 
c ADJLMA: Adjusted loin muscle area.  
d DAYS: Days to 113.4 kg. 
e  rg: Genetic correlation between traits. 
f  rp: Phenotypic correlation between traits. 
* Indicates the genetic correlation was significantly different from 0 (P < 0.05), as indicated by 
the Highest Posterior Density values. 
** Indicates the phenotypic correlation was significantly different from 0 (P < 0.05). 
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CHAPTER 8.  GENERAL SUMMARY 
 The swine industry has focused on sows which can raise large litters of pigs that can 
efficiently reproduce.  Increased selection intensity for highly productive sows which raise 
larger litters has resulted in higher milk production and maintenance costs for lactating sows.  
Unfortunately, selection for efficient lean growth in market pigs is also associated with 
reduced appetites and lower feed intake capacity which is directly correlated to lower levels 
of feed intake in lactating sows.  Pigs are also leaner which reduces available body reserves 
for mobilization during lactation.  Feed intake and body reserves are the only available 
sources of nutrients a sow can utilize for maintenance and milk production during lactation 
and lactation feed intake is frequently inadequate, requiring body reserves to be mobilized to 
maintain milk production.  Sows which mobilize body reserves have been found to wean 
lighter litters and have longer wean-to-service intervals.  Thus increasing daily lactation feed 
intake (LFI) seems like a simple solution to prevent excess mobilization of body reserves, 
however it is not as easily accomplished.  
 The objective of the present study was to determine management and genetic 
selection tools to increase sow productivity through an understanding of lactation feed intake 
and its relationship with reproductive performance.  Daily feed intake values and lactation 
feed intake curves were predicted and used to evaluate the relationship of 3 metrics with 
reproductive performance: average rate of change in intake, average daily intake, and 
variation from predicted daily feed intake values.  The shape of lactation feed intake curves, 
or average rate of change, in purebred Yorkshire and purebred Landrace were not different, 
but both purebred curves were significantly different from the F1 (Yorkshire x Landrace) 
lactation feed intake curve which maintained a linear trajectory throughout the entire 
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lactation.  Due to the difference in the shape of feed intake curves between purebred and F1 
sows, the curves were evaluated separately and purebred feed intake curves were classified 
into 3 periods and F1 feed intake curves were classified into 2 periods. 
 Each metric was calculated for each period of lactation and over the entire length of 
lactation for each sow.  Breed, parity, and season affected average rate of change in intake, 
average daily feed intake, and variation from predicted daily lactation feed intake values 
throughout lactation and during each period both in purebred and F1 sows.  Increases in 
average rate of change in intake and average daily feed intake during any period of lactation 
resulted in heavier litter weaning weights and shorter wean-to-first-service intervals, while 
reducing variation from predicted lactation feed intake values improved reproductive 
performance.   Observed daily feed intake values which were at least 1.92 kg less than the 
corresponding predicted value were considered significantly inadequate and were 
characterized as a negative deviation from the predicted value.  Sows that did not have a 
negative deviation from predicted lactation feed intake values weaned heavier litters, and 
litter weaning weight decreased as the number of negative deviations increased.  Body 
reserves were likely mobilized to compensate for inadequate lactation feed intake and to 
maintain growth of the litter and the effect of additional negative deviations from predicted 
values was marginalized by the mobilization of body reserves.  Unfortunately, odds of a 
negative deviation occurring were 8.7 times higher in purebred sows and 39.5 times higher in 
F1 sows when a negative deviation occurred the previous day than if a sow had adequate 
intake the previous day.  Similarly, when a negative deviation occurred during early 
lactation, odds were greater that a negative deviation would occur during late lactation, and 
negative deviations had a greater effect on litter weaning weight and wean-to-first-service 
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interval when they occurred during late lactation.  Subsequent litter performance was not 
affected by the number of negative deviations that occurred during lactation.  Feeding sows 
based on predicted feed intake curves provides an efficient management tool to optimize feed 
intake during lactation and maximize performance.  
 There is also potential to alter the shape of the lactation feed intake curve through 
direct selection for average rate of change in intake, average daily feed intake, and variation 
from predicted lactation feed intake values during each period of lactation.  Heritability 
estimates for metrics computed over the duration of lactation, including average daily 
lactation feed intake (ADFI), average rate of change (ARCT), and variation from predicted 
daily LFI values (VART) were 0.37, 0.24, and 0.16, respectively.  Heritability estimates were 
highly variable across periods of lactation for ARC (0.03 – 0.17), ADI (0.09 – 0.36), and 
VAR (0.04 – 0.18) metrics in purebred and F1 populations.  Estimates were highest for 
metrics during late lactation and lowest during early lactation. 
Genetic correlations were generally high and favorable among lactation feed intake 
metrics, and selection for a few strategically selected traits should result in positive 
improvement in most lactation feed intake metrics.  However, selection may need to occur 
separately for purebred and F1 populations due to the weak relationship between lactation 
feed intake metrics in both populations.  The inclusion of lactation feed intake metrics in a 
maternal selection index would not hinder genetic improvement in sow productivity but 
would allow for genetic improvement in sow productivity and lactation feed intake 
simultaneously.  In the purebred populations, genetic correlations between lactation feed 
intake metrics and days to 113.4 kg, adjusted backfat depth, and adjusted loin muscle area at 
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113.4 kg were generally low and rarely significant.  General trends indicate that selection for 
growth performance should have a favorable effect on feed intake levels during lactation. 
 This study showed that lactation feed intake significantly impacts the performance of 
the sow and her ability to produce milk for a productive litter.  Monitoring intake during 
lactation can be a simple way to manage sows and feeding strategies during lactation may be 
altered to exploit opportunities to improve productivity.  Feeding sows based on predicted 
feed intake curves is a simple, yet effective management tool which will allow producers to 
increase rate of intake and average intake during lactation while limiting variation from 
predicted lactation feed intake curves, which will minimize days of inadequate intake and 
maximize reproductive performance.  It is also evident that there is potential to alter lactation 
feed intake metrics through direct selection, and the strength of the genetic correlations 
suggests that the majority of lactation feed intake traits will improve if selection pressure 
occurs on only a few metrics.  Prior selection for sow productivity indirectly improved feed 
intake metrics, while selection for growth traits has had a limited effect on feed intake during 
lactation.  It seems that improving management methods and including feed intake metrics in 
selection indices should provide a positive response in performance, however it is important 
to evaluate feed intake in each population before adopting these protocols. 
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